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Inheritance of Coat Coloration 
and Spotting Patterns of Cattle: 
A Review1
by T. A. Olson and R. L. Willham
Introduction
An understanding of the inheritance of coat colora­
tion and white markings in cattle is useful for several 
reasons. The first is its potential usefulness in the 
teaching of Mendelian principles to agricultural stu­
dents. A second would be its usefulness in the develop­
ment of composite breeds of cattle in which a uniform 
coat coloration may be desirable. A third is that there 
may be interest in determining which breeds could be 
used in crossbreeding programs to produce uniformly 
colored terminal cross calves. Also, Lauvergne (1966) 
discussed a review article by J. D. Findlay where it is 
concluded that pigmentation can affect the productive 
performance of animals under certain conditions such 
as in the tropics where animals with darkly pigmented 
skins and light-colored coats seem best adapted. Final­
ly, animals without pigmented eyelids seem more sus­
ceptible to "cancer eye” (Anderson et al., 1957).
The inheritance of coat coloration and white spot­
ting in cattle has been studied by many scientists since 
the beginning o f this century. Ibsen (1933) provided a 
summary of the segregating loci that had been reported 
and postulated others. Lauvergne (1966) produced an 
excellent summary of the existing information, but his 
summary is not readily useful in the United States, 
primarily because it is published in the French lan­
guage. This publication will draw upon the conclusions 
of Lauvergne and modify and expand them.
Most o f the early literature, including the publica­
tions of Ibsen and his students, has the serious draw­
back of the lack of use o f any standard as a reference. 
Failure to recognize the value of a standard (wild type) 
has made the explanation of coloration produced by 
interaction among loci difficult and has resulted in an 
alphabet soup o f symbolism. Lauvergne understood the 
usefulness o f the wild type, but in our opinion he 
accepted the wrong coloration as his standard. We pro­
pose acceptance of a different wild type as a reference 
and will attempt to discuss the inheritance of coat col­
oration and white markings in a manner probably 
more readily useful to teachers and cattle breeders in 
the United States.
In addition, many European breeds of cattle have 
been imported into the United States, and their use in 
crossbreeding and upgrading systems has produced 
data not available earlier concerning the coloration 
mutants of cattle. Thus, this publication will consider 
new mutants not previously described and rename 
others to conform with the better understanding of coat 
coloration mutants now available. Readers not familiar 
with the basics o f classical (Mendelian) genetics may 
wish to refer to a chapter in an animal-breeding text 
such as Warwick and Legates (1979) that explains 
basic modes of inheritance.
Review of Literature
To adequately discuss the inheritance of coat colora­
tion in cattle, a standard of reference, preferably the 
wild-type pattern, should be established. The logical 
choice for consideration as the wild type is the colora­
tion of the extinct wild cattle o f Europe, the Aurochs 
(Bos primigenius) . After a study o f drawings, pictures, 
and written descriptions o f the Aurochs, Zeuner (1963) 
reported that the Aurochs show sexual dimorphism in 
their coloration. The bulls were black with a white, 
yellow, or reddish stripe along their back and also 
showed lightened hair in the poll region and around the 
muzzle. The cows are reported to have been mostly 
brow nish red, occasionally  diffused w ith black, 
although some showed the darker coloration of the 
bulls (Figure 1, see centerfold). The calves that show 
the wild-type coloration are bom  red in both sexes and 
start to darken at 3 to 6 months (Figure 2, see center­
fold).
The relative ease with which the Heck brothers of 
Germany were able to isolate the wild-type coloration 
of the Aurochs (Ahrens, 1936) by crossing various 
prim itive breeds o f European cattle supports the 
hypothesis that the Auroch is one o f the progenitors of 
the present European breeds and that its coloration 
should be considered as the wild-type coloration of cat­
tle. The calves o f these "reconstituted Aurochs” are 
reported to be bom  a uniform light brown, but after a 
few months, the bull calves begin to turn black and the 
heifer calves become more reddish. The whitish muzzle 
ring and dorsal stripe also begins to develop at this 
time. The bulls become so dark that they seem nearly 
black because the width o f the dorsal stripe and the 
muzzle ring decreases with age.
Ahrens (1936) reported that the Spanish fighting 
bulls were very sim ilar to the extinct Aurochs in 
appearance and behavior and that this type o f cattle 
probably was the first to be brought to the New World. 
Dobie (1941) reported that the descendants o f these 
Spanish cattle in the New World had varied coloration, 
including animals that were black, red, "blue,” and 
pinto as well as animals meeting the description of the 
wild type. Brindles and duns (dilutes), common colors 
in present Longhorns, were not seen. The source o f 
these present mutant colorations evidently is the "mon­
grel American cattle” referred to by Dobie, which later 
combined with the Spanish cattle to produce the Long­
horn. Rouse (1973) refers to these "mongrel cattle” as 
Native American Cattle. These cattle were likely of
1Project 2000 of the Iowa Agriculture and Home Economics 
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British origin and perhaps included animals o f a breed 
later called the Longhorn in England. The rest o f the 
literature concerned with coat coloration inheritance in 
cattle will be reviewed in the results and discussion to 
allow discussion of references to a particular mutant 
while the mutant itself is being described. The primary 
works include the summaries o f Ibsen (1933) and 
Lauvergne (1966). Searle (1968) discusses the work of 
Lauvergne in his review of comparative coat-color in­
heritance o f mammals.
Description of the Source and Use of Data
The data used to formulate the conclusions in this 
study come primarily from two sources, the Longhorn 
herd at the W ichita Mountains W ildlife Refuge at 
Cache, Oklahoma, and the crossbred cattle at the 
Roman L. Hruska U.S. Meat Animal Research Center 
(MARC) at Clay Center, Nebraska. The data from the 
Longhorn herd were collected over a 47-year period 
from 1927 to 1974. This herd was established in 1927 by 
the U.S. Forest Service to preserve from extinction the 
Longhorn cattle, which had been such an integral part 
of the history o f the West.
Halloran and Shrader (1962) reported that the 
foundation of the herd consisted of 1 bull and 19 cows 
obtained from southwestern Texas and the gulf coast of 
Texas during the summer of 1927. Since 1927, there 
have been 24 bulls and 15 cows added to the herd. These 
animals were primarily o f Mexican origin, but some 
were purchased from, or were obtained as a result of 
trades with, private breeders who also had become 
interested in the preservation of the Longhorn.
An individual card was kept for each animal in the 
herd. The brand, approximate birth date, sire, dam, 
color and white markings, and the date o f disposal were 
recorded for each animal. The coat color information 
was recorded by four persons since 1927, but we assume 
that there was a reasonable continuity o f classification 
throughout the period. The color and white-marking 
descriptions are almost entirely subjective and may 
have been observed at different ages; thus, there is a 
possible bias in the classification of certain colors.
Early data were taken from a microfilm of the cards 
from 1927 to 1959, kindly provided by Dr. Clyde 
Stormont. This microfilm had been prepared by Mr. 
Howard Julian, Refuge Manager in 1959, in response to 
a request by Dr. W ilmer M iller (then an associate of Dr. 
Stormont at the University o f California, Davis), for 
studying the inheritance of coloration in Longhorns. 
The study, however, was never initiated. Data from 
1960 to 1974 were taken directly from the individual 
cards at the Wichita Mountains W ildlife Refuge in the 
summer of 1974. All data were placed on computer 
cards for analysis. The data on each animal included 
identification number, sire, dam, year of birth, year of 
disposal, sex, coat color, white markings, coat color and 
white markings of the sire, and coat color and white 
markings of the dam.
Originally, 41 coat colors and 27 white-marking 
patterns were coded by giving a numerical value to 
each description listed on the individual cards. After 
initial analysis, it seemed that the data could be better
analyzed by com bining certain classifications and 
eliminating others. Colorations combined were those 
that seemed to have been different descriptions for the 
same coloration. Eliminated were those codes that rep­
resented questionable phenotypes, those not repre­
sented in any of the sires used, and those present only in 
small numbers.
The white-marking classifications were recoded by 
eliminating the classification "white” because it was 
likely due to an extreme dilution and thus would com­
plicate any study of spotting. The analysis of animals 
with small amounts o f white was not likely to be pro­
ductive because there were small numbers in each 
category, because there were few sires possessing any of 
the codes, and because the literature indicates that the 
colorations involved are likely to be quantitatively con­
trolled. For these reasons, 10 codes describing animals 
with white spotting on various parts o f their bodies 
were recoded as possessing "some white.”
There were 83 sires used from 1927 to 1973 in the 
Wichita Mountains W ildlife Refuge herd. The Cross­
tabs procedure of SPSS (Statistical Package for the 
Social Sciences) was used to examine the progeny of 
each sire. This procedure produced a two-way table for 
each sire, including the joint frequency distribution of 
the coat colors of the cows bred to that particular sire 
with the coat colors o f their offspring. The table thus 
included the number and percentage of each coat color 
of the dams that produced offspring by each sire and the 
number and percentage of offspring of each coat colora­
tion produced by each dam coat-color classification.
The data used to support the conclusions expressed 
in this study are the result o f a summarization of the 
data of the type just described and for which the cross 
tabulation is by sire color or white-marking code and 
not by individual sire. After further summarization, 
the data were tested for conformation to expected ge­
netic ratios by use of the chi-square test. The value was 
calculated with the formula:
where n is the number of phenotypically different clas­
ses, Oj is the observed number of animals o f a particular 
color in class i, and ej is the number of animals in class i 
that would be expected to show that particular phe­
notype on the basis o f the hypothesis being tested. The 
observed data are said to deviate significantly from the 
hypothesized ratio if the chi-square value results in a 
p-value of less than 0.01. The p-value is the probability 
of an equal or greater chi-square due to deviations 
caused by chance from the hypothesized ratio if it is 
correct.
The crossbred cattle used in this study are part of 
the Germ Plasm Evaluation Program of the Roman L. 
Hruska U.S. Meat Animal Research Center (MARC). 
The first cycle (Cycle I) o f this program included the 
offspring of Hereford and Angus cows bred by artificial 
insem ination to H ereford, Angus, South Devon, 
Limousin, Simmental, Jersey, and Charolais bulls. The 
cows produced from these matings were approximately 
2.5, 3.5, and 4.5 years o f age when classified for coat
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color during October o f 1974. The calves produced by 
each group of these cows at 2 years o f age were sired by 
Hereford, Angus, Brahman, and Holstein sires. As 3- 
year-olds, these cows produced calves by Angus, Here­
ford, Gelbvieh, Maine-Anjou, and Chianina sires. The 
calves produced by the 4-year-old cows were the result 
of multisire pasture breeding by Brown Swiss bulls so 
that no sire information was available on the calves. 
The 1974 calves, both steers and heifers, o f the Cycle I 
cows all were coded for coat coloration and white mark­
ings during November 1974.
In addition, yearling heifers and calves were coded 
from the second cycle (Cycle H) of the sire breeds used at 
MARC. These animals were from Red Poll, Brown 
Swiss, Angus, and Hereford dams and were sired by 
Red Poll, Brown Swiss, G elbvieh, M aine-Anjou, 
Chianina, Angus, and Hereford bulls through artificial 
insemination. The calves again included both steers 
and heifers.
Written or coded descriptions were prepared for the 
cows and Cycle 13 yearling heifers as they came from 
pregnancy diagnosis. Descriptions of calves were pre­
pared from individual examination of the calves in the 
feedlot. The descriptions were entirely subjective, and 
only some of the codes were identical to those used in 
the Longhorn study. The codes used in both the 
Longhorn and MARC studies are listed by Olson 
(1975), as are the identification codes for each of the 
breed crosses at MARC.
The identification number, coded coat color, and 
coded white-marking pattern for each animal were 
punched into individual computer cards. MARC kindly 
provided a computer tape containing the identification 
number, sire, dam, line, and sex of each animal. These 
data from the cards and tape were combined onto 
another tape so that each record on this tape contained 
the identification number, line, sire, dam, sex, coat- 
color code, and white-marking code of each individual. 
The line of an animal is its breed or breed-cross com­
bination.
The Crosstabs procedure of SPSS again was used in 
the analysis. Cross tabulations o f coat-color code by 
line, white-marking code by line, coat-color code by sire 
within line, and white-marking code by sire within line 
were obtained. Each breed cross has a specific line code. 
Olson (1975) has reported the cross tabulation of coat- 
color code and white-marking code by line.
In addition to the data collected from these two 
sources, personal observations o f the authors of colora­
tions of certain breed crosses not available at MARC 
also are used to support hypotheses developed in this 
publication.
The Coloration Mutants of Cattle
The understanding of the mutants o f coloration in 
cattle is clouded because of the lack of crosses o f mutant 
animals with wild-type animals. Because of this prob­
lem, past studies in this area will not be reviewed in 
great detail, but the relevant articles will be mentioned 
with regard to each of the mutants discussed. The first 
colorations discussed will be those previously described 
as being determined by mutants at a locus that may be 
homologous with the E locus of other species.
Black, brindle, and red mutants
The mutants producing the black and red colora­
tions in cattle have long been considered to be allelic 
(Wright, 1917), and no data have been presented to 
conflict with this view. Lauvergne (1966) postulates 
that the mutants responsible for these colorations are 
located at the E locus along with two other alleles, 
essentially the wild-type allele and the one controlling 
brindling. The following symbolism was suggested by 
Lauvergne for the alleles at this locus: Ed, dominant 
extension of black (the black coloration of Holstein and 
Angus cattle is supposedly due to the presence of this 
mutant); E, normal extension of black; ebr, responsible 
for the brindle coloration; and e, restriction of black (red 
or yellow). Lauvergne did not accept the coloration of 
the Aurochs as the wild type although he did recognize 
the importance of its use as standard for reference.
Acceptance of the coloration of the Aurochs (reddish 
or reddish brown as calves, darkening to nearly black 
in bulls and lighter colorations o f brown in cows and 
steers) as the wild type means that a wild-type allele 
must be present at the E locus. This allele, which will be 
sym bolized here as E + , should replace the E o f 
Lauvergne. E +, which is found in breeds such as the 
Brahman, Jersey, Brown Swiss, and Longhorn (see 
Table 2) in addition to the "reconstituted” Aurochs, is 
the allele responsible for the pattern of black areas on 
an otherwise red body (Figure 1, see centerfold) in 
crosses of these breeds with red (ee) breeds such as the 
Hereford. Wild-type animals are bom  a reddish shade 
and develop darker pigmentation with age (Figure 2, 
see centerfold). This coloration, called brown or black­
ish by other authors, has been studied in the past, but 
previous workers have experienced considerable diffi­
culty in its analysis because of failure to recognize it as 
the wild type that had considerable variation in ex­
pression (amount o f dark pigmentation) as well as 
strong sexual dimorphism.
According to our present understanding, the black­
ish pattern described by Ibsen, Gilmore, and others to 
be necessary for the expression of brindling may simply 
be a variation of the wild-type pattern. Gilmore et al. 
(1961) showed that castration of a 19-month-old Jersey 
bull caused the blackish pattern to fade, leaving black 
areas only on the tail and legs. Gilmore thus concluded 
that the blackish pattern was dependent on testoster­
one. This would agree with the conclusion that the 
wild-type pattern shows sexual dimorphism.
The existance of nearly black (very dark brown to 
black with a white muzzle ring) Jerseys and the same 
coloration in crossbreds and Holsteins as reported by 
Majeskie (1970) creates some problems. That both 
steers and heifers often exhibited the extensively black 
coloration indicates the possibility o f a mutant that 
does not require the presence of testosterone for the 
production of a pattern strongly resembling the wild- 
type pattern except that it is somewhat darker, espe­
cially in females. This situation will be discussed 
further.
The other mutants previously proposed to be found 
at this locus are ebr and e. The e br mutant is thought to 
be responsible for the brindle coloration (Figure 3, see 
centerfold). The brindle coloration consists of narrow
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black (darkly pigmented) stripes interspersed among a 
lighter colored hair coat, which usually is red or brown. 
Although no clear conclusions are reached by any of the 
authors (Ibsen, Cole, Berge, Wilson, and others) with 
regard to the inheritance of brindling, the general con­
clusion seems to be that brindling is hypostatic to black 
and red and epistatic to brown (now considered to be 
wild type). The brindle coloration seemingly is pro­
duced by the action of a brindling mutant in conjunc­
tion with blackish or brown (wild type). The data given 
by Berge (1949) do not show brindles being produced by 
brown to brown matings except in insignificant num­
bers (2.1%), which would tend to support the conclusion 
that the brindling mutant is epistatic to the wild type.
The mutant producing the red coloration of cattle, e, 
was first reported to be allelic to the one controlling 
black, Ed, by Wright (1917). This conclusion has gener­
ally been assumed to be true by later authors. The 
relationship of the red and black mutants to wild type 
seems to be that black is dominant and red is recessive 
to the wild-type allele (Ed>  E + >e). The variation in 
the intensity o f the red coloration (from a light red to a 
very dark, nearly mahogany, coloration) is seemingly 
controlled primarily by quantitative factors. A color 
intensity code in Hereford cattle was shown to have an 
extremely high heritability value (70%) by Roger and 
Mankin (1952). Thus, the intensity should show excel­
lent responses to selection. In addition to these quan­
titative factors, a mutant with a major qualitative 
darkening effect may be present in dark mahogany red 
breeds such as the M aine-Anjou, Red Dane, and 
Shorthorn.
The presence of either the black or red mutants 
seems to prevent the expression of the brindle colora­
tion. This ostensibly occurs because brindling requires 
the presence o f both black (eum elanin) and red 
(phaeomelanin) in the coat of an animal if it is to be 
expressed (Olson, 1975). This conclusion was supported 
by Longhorn data where wild-type (brown) animals did 
not carry the brindling mutant. Only 3 o f 96 offspring of 
wild-type to wild-type matings were coded as brindle; a 
number that can be accounted for by pedigree error. 
That brindle bulls bred to red cows did produce 18 of 198' 
or 9.1% brown progeny in this study is additional sup­
port for the conclusion that the wild-type allele at the E 
locus, E +, is required to be homozygous or heterozygous 
with e for brindling to be expressed. Definite conclu­
sions concerning the inheritance of the brindling pat­
tern are difficult to make, however, because of the 
effects o f age and hormone status upon the expression 
of the wild-type coloration. In addition, there is con­
siderable variation in the amount of brindling express­
ed on the body; in some animals, brindling is restricted 
to the head, neck, and rear quarters, in others, to the 
head alone. It may be that in these animals the brind­
ling is being expressed only in those areas where the 
eumelanin would have been seen in the absence of the 
brindling mutant.
A conclusion that seems warranted is that, because 
the E + allele (or a mutant at another locus that enables 
the production of both pigments in the coat) is neces­
sary for the expression of brindling, it is not likely that 
the mutant producing the brindling pattern is located
at the E locus. For this reason, in further discussion of 
the brindling pattern, the brindling mutant will be 
symbolized by Br instead of ebr to designate its probable 
independence of the E locus. The conclusions that can 
be drawn, in terms of the genetic composition of the 
breeds, seem to be that the Holstein and Angus breeds 
possess Ed, the dominant black mutant, and that be­
cause only one pigment is expressed, brindling cannot 
be expressed by animals o f breeds possessing the Ed 
mutant. Breeds such as the Jersey and Brown Swiss 
seem to have a high frequency of E + at the E locus, as 
evidenced by their crossbred progeny with red (ee) 
breeds that exhibit the pattern called "blackish” in 
earlier literature. These crossbred animals would show 
this pattern because their genotype is E +e. Thus, E+ 
evidently shows some dominance over e, the mutant 
allele that is homozygous in the red breeds, if it is 
assumed that Br is not located at the E locus. Under 
this hypothesis, the red breeds (Hereford, Red Angus, 
Limousin, etc.) would be homozygous for e and are 
carrying Br in high frequency, as evidenced by the high 
proportions o f brindle progeny of such breeds when 
mated to breeds carrying E + . Thus, if one desires non- 
brindled Jersey x Hereford Fx progeny, these animals 
could be produced by locating a Jersey bull that re­
mained tan without blackish areas at maturity and, 
therefore, would not possess the E + allele. Such a bull 
should sire only red progeny from red breeds. Brown 
Swiss bulls not possessing the E + allele may also be 
available. There also may be mutants, which have been 
selected for in some breeds, that inhibit the formation of 
eumelanin in animals carrying E + and thus would 
influence the amount of blackish areas or brindling in 
crossbred offspring. Such mutants may be present in 
the Jersey breed. Table 1 indicates the breeds likely to 
possess the E locus and brindle mutants.
Another mutant seems to be present, which compli­
cates the situation. This mutant, which was described 
by Majeskie (1970) and was given the symbol Bmp (for 
patterned blackish), does not seem to be influenced by 
testosterone but produces a coloration similar to the 
wild-type pattern in animals that are probably homozy­
gous for e at the E locus. Animals carrying this mutant 
are bom  red, as are the wild-type animals, but change 
to a darker coloration appearing almost solid black 
with just a slightly lightened dorsal stripe and a muzzle 
ring and with or without reddish colored ears (Figure 4, 
see centerfold). Bulls, heifers, and steers all seem to 
have similar phenotypes from observation of these 
animals and from the data presented by Majeskie. In­
asmuch as Bmp is not proper symbolism, Bp will be 
used in its place as the symbol for this mutant. This 
mutant also allows the formation of both pigments in a 
coat and thus should allow the expression of the brind­
ling mutant in the absence of E + . Observations of 
animals resulting from crosses o f the Holstein, Jersey, 
Brown Swiss, and Brahman breeds primarily crossed 
with red breeds indicate that these breeds may carry a 
mutant with the type of action described for the Bp 
mutant. A complicating factor is that all these breeds, 
with the possible exception of the Holstein breed, seem 
to carry the E + allele in various frequencies.
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Table 1. Basic Coloration Mutants
Mutant name Symbol Description Figure(s)
illustrating
Inheritance 
relative 
to wild type
Breeds
possessing
dominant black Ed A solid, distinct black present 
at birth in all pigmented areas 
of the body.
dominant Angus, Holstein, Galloway, 
Welsh Black, Murray Grey, 
Brangus.
red e Clear red of various shades 
over the entire surface of the 
body with no black 
pigmentation.
recessive The Simmental, Charoláis, 
and all red breeds plus the 
Angus, Holstein, Brown Swiss, 
and other breeds that possess 
e in addition to Ed and/or E+.
brindle Br Narrow, irregular, vertical 
stripes of black against a 
background of red or brown; 
the stripes may be confined to 
just the head and neck or 
may be present over the 
entire body.
3 dominant Most breeds that are solid red 
or black possess Br in some 
frequency; these include the 
Hereford, Angus, and 
Shorthorn breeds and the 
Longhorn and the Normande 
breeds.
patterned blackish Bp Red coloration at birth, but 
turning to nearly black over 
the entire surface of the body 
with main exception of the 
ears, which remain reddish 
brown; the effect of this 
mutant does not seem to be 
influenced by the sex of the 
animal.
4 dominant Jersey, Holstein, Angus, 
Brown Swiss, Brahman.
Charoláis dilution Dc Heterozygote: black is diluted 
to light gray and red to light 
yellow.
Homozygote: both red and 
black are diluted to a nearly 
white coloration.
10 incompletely
dominant
Charoláis, Longhorn(?)
Simmental (dun) 
dilution
Db Heterozygote: the dilution of 
black to medium gray; the 
dilution of red to a slightly 
lighter shade or yellow. 
Homozygote: increased 
lightening of both red and 
black, which may approach 
white.
11, 12 incompletely
dominant
Simmental, Gelbvieh, Blonde 
d’Aquitaine, Murray Grey, 
Scottish Highland,
Longhorn (?)
Zebu tipping ■atp Removes pigmentation 
(particularly black) on the tips 
of hairs, particularly the 
underline.
6, 7 recessive* Brahman, Chianina, possibly 
Brown Swiss, Jersey
Brown Swiss 
tipping
aw Removes pigmentation 
(particularly black) on the poll, 
ears, brisket, underline, and 
dorsal areas and to a lesser 
extent in other areas.
5 recessive* Brown Swiss
“Chinchilla” cch Removes red pigmentation, 
likely has little effect upon 
black.
5, 6, 7 recessive* Brahman, Brown Swiss, 
Jersey, Guernsey(?) Limousin 
(?), Chianina
May not be completely recessive to the wild type.
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Gray and recessive white colorations
The mutants that produce the somewhat gray col­
oration of the Brown Swiss (Figure 5), the light tan 
coloration often seen in the Jersey, and the light gray, 
white, or near-white coloration o f the Brahman, 
Chianina, and other breeds (Figure 6) seem to be re­
lated and may be allelic. Lauvergne (1966) postulates 
the existence o f an A locus, multiple allelic series in 
cattle homologous to those in other mammals that can 
be used to describe these mutants. Lauvergne proposed 
the existence o f the following mutants at the A locus: 
A +, gray-bellied agouti (dun described by Berge, 1961), 
as, nonagouti; ay, yellow with black extremities (the 
coloration of certain Jerseys); and aw, white-bellied 
agouti (Brown Swiss coloration). Searle (1968) has dis: 
cussed the A locus as it is found in rodents and its 
possible presence in cattle.
The genetic control of the A-locus (agouti-like or 
banded) colorations probably is the least understood of 
the colorations o f cattle. There is, however, enough 
inform ation to m odify the conclusions drawn by 
Lauvergne. First of all, accepting the wild-type pattern 
previously described (Figures 1 and 2, see centerfold), 
eliminates the need to postulate ay, and the conclusions 
drawn by Berge (1961) that led to the use o f the symbol 
A + by Lauvergne will be questioned in the section that 
follows (D ilution M utants). Before suggesting an 
alternative genetic explanation for these colorations, 
the available information on crosses among breeds 
showing these colorations will be reviewed.
We have observed that crosses (Fx) both between 
the Brahman and Brown Swiss and between the Brown 
Swiss and Chianina breeds have yielded progeny very 
similar to the Brown Swiss in coloration. Also Brah­
man x Jersey Fx and F2 crosses are very similar in 
coloration (Figure 6). Brahman x Limousin Fx crosses 
have also been observed, and many of them are similar 
in coloration to the Limousin with the addition of some 
darker or tan pigmentation. All these breeds and cros­
ses have in common a lightened coloration; that is, less 
than full pigmentation, with the amount of pigment 
being differentially removed from various parts o f the 
body. The most lightened areas are the underline, poll, 
inner surfaces o f the legs, ears, and dorsal areas of 
various widths from the spine and the brisket.
Several mutants have been postulated to explain 
the colorations observed in these breeds. Ibsen (1933) 
used wn as the symbol for the allele producing the 
recessive white coloration of the Nellore (Zebu) cattle 
and i to indicate the lightened coloration (tan) associ­
ated with the near-white underline in some Jersey and 
Guernsey cattle. Rhoad (1936) and Manresa et al. 
(1930) discuss the coloration o f Zebu cattle and their 
crosses. Rhoad hypothesized the allele, tp, for tipping to 
describe the banding pattern (white tips on hairs that 
have dark colored bases) observed in Zebu cattle. Rhoad 
indicated that a similar banding pattern existed in 
Jersey cattle except that the tips were red in this breed. 
These tips, however, are more appropriately called 
light red or tan in the Jersey breed.
Little data are available to draw any definite con­
clusions with regard to these loci at this time. Bushnell 
(1940) reported that a testcross o f a Brown Swiss bull
Figure 5. The coloration of a straightbred Brown Swiss 
heifer.
Figure 6. The coloration of a Brahman x Jersey crossbred 
bull.
mated to Holstein x Brown Swiss F( females produced 
one calf o f a light (typical) Brown Swiss coloration and 
two somewhat darker calves, also typical of Brown 
Swiss coloration but with considerable reddish pig­
mentation in areas nearly white or cream colored in 
typical Brown Swiss. This latter "reddish Swiss” colora­
tion was observed in many of the offspring of Brown 
Swiss bulls mated to Cycle I females at MARC, as 
reported by Olson (1975). This same coloration is 
observed in some of the progeny of backcrosses of 
Brown Swiss to Brown Swiss x Angus Ft animals in 
Florida. These animals have reddish pigment atypical 
of purebred Swiss on the poll, ears, and other parts of 
the body, and they typically are darker in overall col­
oration than most Brown Swiss cattle. This coloration 
(Figure 8, see centerfold) is more than twice as common 
as the lighter coloration without the reddish pigmenta­
tion in %  Swiss animals. In addition, backcrosses of Fi 
Brahman cross cows to Brahman bulls rarely yield 
animals o f the typical Brahman coloration (M. Roger, 
University o f Florida, personal communication) but do 
yield various light, often tan colorations.
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Manresa et al. (1930) reported the colorations of 
backcrosses o f Nellore x Native Fx cows to Nellore 
bulls. These native cows evidently were similar to the 
Jersey breed in coloration, and the Fx cows were said to 
be a pale yellow gray color. The backcrosses segregated 
at a 1:1 ratio between the Nellore (silver gray) colora­
tion and this yellowish-gray coloration.
Because sufficient data are not available from the 
crosses to fully understand the inheritance of these 
colorations, definitive statements cannot be made con­
cerning the mutants responsible for these colorations 
and their possible allelism. It is possible, however, to 
postulate several mutants at the A locus that more 
closely explain the colorations o f these crosses than do 
the hypotheses in the literature. At the A locus, we 
postulate the alleles: A +, the wild-type allele, which is 
essentially nonagouti; aw, the mutant found in the 
Brown Swiss that is responsible for its lightened under­
line and removal o f pigmentation (particularly black, 
eumelanin) on the poll, ears, brisket, and dorsal areas 
(Figure 5); and a*9, also responsible for the removal of 
black pigmentation from these same areas. The a*9 
mutant seems to remove more eumelanin than aw, 
resulting in a lighter colored animal (Figures 6 and 7). 
The a*13 mutant is also likely to be responsible for the 
lightened underline seen in Jersey, Limousin, and poss­
ibly Guernsey cattle in addition to being found in Zebu 
breeds (Table 1).
In conjunction with these A-locus mutants, it is 
hypothesized that a chinchilla-like mutant, such as is 
found in other mammals, acts to remove phaeomelanin 
(red pigment) and thus produces the colorations ob­
served in Brown Swiss (Figure 5) and Brahman (Figure 
6) breeds. The possible existence o f such a mutant has 
already been suggested by Lauvergne (1966). Using 
such a system could explain the coloration of the %  
Brown Swiss shown in Figure 8 (see centerfold) as 
being awawC +cch because reddish pigment is present in 
areas white or cream colored in purebred Brown Swiss 
cattle. The mutant aw is likely to be homozygous in 
most, if not all, Brown Swiss, and cch is likely to be in 
high frequency in the breed. The gray Brahman is 
likely to have the atp allele nearly fixed in the breed 
while possessing both C + and cch. The Jersey would 
carry only atp or possibly aw or both. The wild-type 
allele, C + , at the C locus would allow most Jerseys to 
have their typical tan coloration in contrast to the 
Brown Swiss and Brahman breeds, which usually show 
little red pigmentation. Jersey cattle (tan) would, under 
this system, have the genotype atpatpC +— . Inasmuch 
as F ! crosses of the Brown Swiss and Brahman breeds 
with red breeds often yield Fx crosses that have con­
siderable red pigmentation removed (Figure 9, see cen­
terfold), the c“ 1 mutant may be incompletely dominant 
rather than recessive in inheritance. The data reported 
by Manresa et al. (1930) support these hypotheses. 
Table 2 shows the hypothesized genotypes for the A, C, 
and E loci o f several breeds. This information is also 
presented in Table 1 in which the breeds likely to 
possess each mutant are listed. Further data will need 
to be collected to clarify the inheritance of these colors.
Figure 7. A purebred Chianina bull.
Table 2. Hypothesized Genotypes of 
Breeds for the A, C, and E Loci.
A C E
Jersey (tan) a^a'P c +— E+—
(white or gray) a^a* CchCch E+—
Brown Swiss awaw CchCch E+—
Brahman (gray) a^a* CchCch E+—
(red) A +— C+— E+—
Chianina a ¥ C chc ch ee
Guernsey a^a* C+C + ee
or awaw C+C + ee
Limousin (Same as Guernsey)
Dilution mutants
Dilute colorations, such as yellow and gray or dun, 
are common in cattle, and there are several references 
to them in the literature. W right (1917) used the data 
presented by Wilson (1909) for the Highland Cattle 
Herdbook to conclude that a dominant dilution, D, acts 
upon a black coloration to produce dun (gray) and upon 
a red coloration to produce yellow when heterozygous. 
The color further lightens to very light dun or cream 
dun when homozygous. Personal observations o f Scot­
tish Highland cattle o f these latter colorations indicate 
that they are very nearly white.
The phenotypes o f anim als carrying dilution 
mutants may be somewhat similar to the colorations 
produced by the mutants aw, a'tp, and cch except that the 
dilution mutants usually dilute color uniformly over 
the entire animal. The aw, atp, and cch mutants dilute 
color differentially on the body, with the underside, 
poll, and other areas being lightened more.
Lauvergne (1966) reported references to a color 
called "lilac” produced by crosses o f the Fleckvieh (Ger­
man Simmental) and the Black Pied (Holstein) breeds. 
Lauvergne also reviewed various authors concerning 
crosses o f dark red and black European breeds with the 
Charolais, resulting in citron yellow and ash gray 
offspring, respectively. Lauvergne concluded that the 
dominant dilutions o f the Simmental and Charolais 
breeds are likely due to the same mutant because the 
breeds may have had a common origin.
Another reference to dilute colorations is that pro­
duced by the A + allele o f the A locus o f Lauvergne. This 
allele, which was accepted by Lauvergne as the wild- 
type allele at this locus, was first described as producing 
the "dun” coloration by Berge (1949). Several clear 
reasons indicate that it should not be considered as the 
wild-type allele. First, it obviously is considerably dif­
ferent from the coloration of the Aurochs, which has 
been accepted here as the wild type for the reasons 
presented earlier. This dun coloration seems to be a 
dilution of black, and the data given by Berge can be 
used to support this hypothesis. Berge described two 
types of dun, light and dark, and proposed that the light 
duns that bred true were homozygous for another locus. 
The mating of light duns to red produced: one light dun, 
27 dark dun, and nine "not dun.” These data can be 
explained by assuming that the light duns are homozy­
gous for a dilution factor, which Olson (1975) has 
named Db for dun-Berge, and that the dark dun (Figure 
12) coloration is shown by the heterozygotes. The light 
and dark dim animals can be assumed to carry the Ed 
mutant because black animals were produced by ani­
mals of the breeds involved in the data. Thus, the nine 
"not dun” were likely reds, and the one light dun can be 
explained by coding error or by a red parent carrying 
the Db mutant. This Db mutant is likely the same 
mutant described by Wright as D in the Scottish High­
land breed and is also likely to be present in the Sim- 
mental breed. The additional lightening due to the 
effect of the Db allele when homozygous raises con­
siderable doubt about its homology with the agouti 
allele at the A locus o f other mammals. The additive 
effect can be explained more easily by considering Db to 
be a dilution mutant.
In general, the dilution mutants act by reducing the 
number of pigment granules in the coat to produce a 
lightened coloration. These mutants can act upon any 
of the colorations previously described. When a dilution 
mutant acts upon black, a shade of gray is produced 
(Figures 10, 11, and 12), and when it acts upon red 
pigmentation, yellow is produced. In the homozygous 
state, the dilution mutants may remove almost all pig­
mentation, producing an almost white animal.
A number of breeds possess dilution mutants. Olson 
(1975) showed that a single dominant mutant in the 
Longhorn breed was responsible for the dilute colora­
tion, grulla (gray) and yellow, o f this breed. The phe­
notype of the homozygous dilute animals was quite 
variable, with some referred to as white while others 
were classed as light grulla or light yellow. Another 
dilution mutant may be present in the Longhorn breed 
that has a lesser diluting effect upon the coloration. 
This mutant changes black to what was called dark 
agrulla, a darker gray coloration very similar to the 
action of Db upon black. This mutant was in very low 
frequency in the Longhorn herd at the Wichita Moun­
tains Wildlife Refuge.
The more common dilution mutant o f the Longhorn 
may be the one that produces the white coloration of the 
Charoláis breed when homozygous. The crossbred 
offspring of Charoláis sires and Angus and Hereford 
dams at MARC showed some variation in intensity of 
coloration, but almost all were very dilute. The dilute
Figure 11. A Simmental x Angus crossbred calf exhibiting 
the diluting effect of Db when heterozygous on Ed.
Figure 12. This 1A Simmental heifer exhibits a coloration 
less diluted than that of the calf in Figure 11. This may be 
the result of a mutant other than Db.
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coloration of the Charoláis crossbreds with nondilute 
breeds is, in general, considerably lighter than that 
produced by Simmental sires crossed with the same 
breeds (Figure 10). The Fj crossbred Charoláis cows 
when testcrossed to black, nondilute breeds produced 
offspring with a ratio o f 21 dilute: 22 nondilute progeny. 
These testcross dilute black progeny were nearly all the 
lightest shade of black used in the coding of the MARC 
data. These results give support to the conclusion that 
the Charoláis breed is homozygous or nearly so for a 
dominant mutant dilution, and because it has a more 
pronounced diluting effect, this mutant is likely dis­
tinct from the Db mutant previously described. This 
new mutant will be given the symbol Dc with the "c” 
indicating the Charoláis breed. Personal observations 
at other locations o f some Charoláis crossbred progeny 
of the darker dilute coloration more commonly seen in 
the offspring of Simmental sires indicate that some 
Charoláis may carry the Db mutant even though none 
of the sires used at MARC carried it.
The MARC data and other observations o f Simmen- 
tal-sired crossbred calves indicate that the Simmental 
breed usually is not hom ozygous for its dilution 
mutant. Olson (1975) reported that only 8.4% of the 
Simmental x Hereford Fx crossbred cows were of de­
finitely dilute phenotypes and that 67.2% of the Sim­
mental x Angus crossbred cows were dilute when the 
same Simmental bulls were bred to the Hereford and 
Angus base cows. In addition, the intensity of the dilu­
tion of black varied greatly (Figures 11 and 12). These 
data indicate that the dilution mutant of the Simmen­
tal, which is probably the same mutant as that of the 
Scottish Highland (Db), is not homozygous in the Sim­
mental, and, at least in the heterozygous state, its effect 
upon phaeomelanin is usually difficult to observe. 
Another mutant that has a very minor diluting effect 
may also be present in the Simmental breed. Such a 
mutant would produce a dark "charcoal” coloration in 
conjunction with the Ed allele.
Other breeds presently in the United States also 
seem to carry dilutions. One of the Gelbvieh sires used 
in the Cycle II program at MARC seemed to carry the 
mutant Db in the heterozygous state. Approximately 
half the progeny of this bull from Angus dams posses­
sed the medium gray coloration usually seen in Sim­
mental x Angus Fj crosses. The Murray Grey and 
Blonde d’Aquitaine breeds also seem to carry a dilution 
mutant similar in action to the Db mutant dilution. The 
genetic relationships o f these various postulated dilu­
tion mutants have not been examined, but it is likely 
that they would have an additive effect of increased 
dilution across loci as well as within loci. Table 1 con­
tains a listing of the coloration mutants thought to be 
present in cattle, their modes of inheritance, and the 
breeds that possess them.
Colorations produced by interaction among loci
There are a number of interesting coloration com­
binations produced by the various mutants of cattle. 
One interaction previously mentioned is that of some of 
the dilution mutants having a less pronounced effect 
upon phaeomelanin than upon eumelanin. Another is 
the interaction o f the brindling mutant with the alleles
Figure 13. A Brown Swiss x (Brahman - Angus) crossbred 
female showing the silver brindle coloration likely caused 
by the genotype, awa,pcchcchE +E +Brbr.
of the postulated E locus. A  striking interaction not 
previously mentioned is that o f brindling combined 
with the action of aw or atp and cch mutants. The com­
bination of brindling with the action o f either o f these 
mutants produces what can be described as a silver 
brindle (Figure 13). The brindle (black) stripes are 
essentially unchanged, but the phaeomelanin of the 
areas between the black stripes is almost entirely re­
moved so that only a silver-like coloration remains. The 
combination of the black stripes against a silver-gray 
background presents a very striking appearance. This 
pattern was observed in Brahman-sired calves from 
crossbred dams (Angus x Charolais, Jersey x Hereford, 
and Limousin x Hereford) at MARC. Crosses o f Fx 
Brahman x Hereford cows back to Brahman sires 
evidently also will produce this pattern in some of the 
resulting offspring. Although the development o f this 
"silver brindle” coloration has not been examined, 
animals o f this coloration would likely be light colored, 
perhaps fawn, and develop the silver brindle coloration 
by 3 to 6 months o f age.
The White-Spotting Mutants of Cattle
The wild-type pattern of cattle with regard to spot­
ting must simply be the absence o f any spotting what­
soever. This will be the standard with which all the 
spotting m utants w ill be compared. M ost o f the 
mutants producing white areas in cattle were described 
by Lauvergne (1966), but in certain instances, he uses 
incorrect symbolism. The symbolism used in the follow­
ing discussion will be that o f Ibsen or Lauvergne, except 
where their symbolism is incorrect. Since there is con­
siderable evidence that a number o f the spotting 
mutants are in a multiple allelic series, these mutants 
will be described first. The S locus seems to be the site of 
the mutants producing the Hereford pattern, the color­
sided pattern, and the recessive spotting pattern such 
as is found in the Holstein breed. Since these spotting 
patterns are among the most common in cattle, these 
mutants will be discussed first followed by mutants at 
other loci.
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S-locus mutants
Although the data available to support the hypoth­
esis that the mutants producing the Hereford, color­
sided, and recessive (Holstein) spotting patterns (Fig­
ures 14,15, and 16) are allelic are not extensive, they 
are enough to justify presentation of the mutants as 
such. Ibsen first proposed a multiple allelic series con­
taining these mutants and the mutant responsible for 
the Dutch belted pattern (described in a later section). 
Data are not available to support the presence of this 
belting mutant at this locus, but there are some accu­
mulating data that support the allelism of the other 
mutants.
The multiple allelic hypothesis was criticized by 
Lauvergne (1966) who cited the studies of Kiesel and 
Hofer. These studies present data supporting the inde­
pendence of the mutant producing the white facial pat­
tern of spotting and the mutant that produced the body 
spotting in German Rotes Fleckvieh (German Simmen- 
tal) cattle. Franke et al. (1975), however, presented 
data that support the allelism of the Hereford and 
recessive spotting mutants. The presence of a recessive 
spotting factor similar in action to s, the factor produc­
ing the Holstein pattern, is clearly shown to be carried 
by Hereford cattle (Figure 17). Also, because the Fx 
crosses o f Holsteins with Herefords produce a pattern 
very similar to that of the Hereford pattern, the domi­
nance of the mutant producing the Hereford pattern 
over either s or the normal (nonspotting) allele of this 
locus is established. Crosses of Herefords with solid- 
colored breeds, however, do not produce the typical 
Hereford pattern, which is further support for the mul­
tiple allelic hypothesis. Data from a crossbreeding ex­
periment in Texas (C. R. Long, Texas A & M Universi­
ty, personal communication) in which F2 (Holstein- 
Hereford) crosses were produced yielded only Hereford 
or recessive (Holstein-type) spotting patterns; no solid- 
colored calves or calves with both white faces and body 
spotting were produced. Franke et al. (1975) have also 
reported that the mating of Holstein bulls to Fj Here­
ford x Holstein cows produced calves showing the Here­
ford pattern and calves with the recessive spotting pat­
tern. No ratios were given, but there was no report of 
solid-colored calves or calves showing the actions of 
both mutants being produced as would be expected if 
the two mutants were not allelic. If we accept the multi­
ple allelic hypothesis on the basis of this evidence, some 
explanation must be given for the presence of both a 
white facial pattern and recessive body spotting in the 
Simmental breed, both of which often appear on the 
same animal. Crosses of Simmental and Holstein or 
Holstein-cross cattle that we have observed carry the 
Holstein-type spotting pattern (Figure 18), which indi­
cates that the same mutant is present in both breeds. 
Thus, a different mechanism must be hypothesized for 
the inheritance of the white facial pattern of Simmen­
tal cattle.
Evidence for the presence of a different white facial 
mutant in Simmental cattle was given by Olson (1975) 
where he reported that the white facial markings of 
Simmental x Angus Fx crosses varied considerably 
from Hereford x Angus Fx crosses. Most (71%) of the
Figure 14. The Hereford pattern is shown in this Hereford x 
Holstein F1 cow and her 3A Hereford progeny.
Figure 15. The color-sided pattern is shown by this com­
mercial cow (mainly Florida Native).
Figure 16. The Holstein spotting pattern exhibited by a cow 
with less than average amount of pigmented areas.
Simmental x Angus Fx crosses showed white facial 
markings described as a star (a spot between or above 
the eyes on the face o f the animal), a blaze (a white 
stripe on the face not including the eyes) (Figure 19), or 
merely specks of white on the face. The Hereford x 
Angus Fx females, on the other hand, showed only 5.7% 
in these three categories. A typical Hereford x Angus F1 
facial spotting pattern is also shown in Figure 19. Sum­
marization of the spotting patterns of the progeny of Fx 
Simmental x solid-breed cross cows showed 16 without 
white facial markings and 18 with some white facial 
markings. The offspring o f Simmental x Hereford F1 
cows bred to fully pigmented breeds showed 10 with no 
white facial markings and 41 with some type of white 
facial markings. Because these data do not differ signif­
icantly from the 3:1 ratio that would be expected if the 
white facial markings were determined by different 
dominant mutants in each breed, an independent domi­
nant mutant is hypothesized and the term "blaze” is 
suggested as a name for the mutant. This mutant will 
be described more fully in a later section.
Evidence has been presented to support allelism of 
the Hereford and Holstein type spotting patterns; thus, 
the symbols Sh and s shall be used to designate these 
two mutants. Recent data also have become available 
to support the Ibsen hypothesis o f allelism  of the 
mutant producing the color-sided pattern with Sh and s.
Our observations and those o f others o f progeny of 
Pinzgauer (a breed nearly homozygous for the mutant 
producing the color-sided pattern) x Hereford Fx 
females (Figure 20) bred to solid-colored bulls yielded 
six calves with white faces and five calves with the 
color-sided pattern, but no calves with both patterns 
present such as their dams exhibited. In addition, no 
solid-colored calves were produced. The symbol Scs will 
be used to designate this mutant. Thus, the mutants 
present at the S locus are Sh, S®3, S +, and s, with only s 
being completely recessive to the others. The interac­
tions between these mutants will be further elaborated 
in later sections that describe the actions of the Sh, S®3, 
and s mutants in more detail. The breeds possessing 
these and other white-spotting mutants are listed in 
Table 3.
Hereford pattern
The phenotype norm ally produced by animals 
homozygous for S*1 is a pattern that includes a white 
head, underline, tail, and feet. Occasionally an animal 
also will be seen with a white neck. The ears usually are 
completely pigmented. In addition, Herefords often 
have a white stripe extending back along the neck and 
spine. Herefords with such a stripe that extends the 
entire length of the back ("linebacks”) are considered to 
be mismarked and are selected against by Hereford 
breeders.
Seemingly, a number of modifiers present in the 
Hereford breed influence the amount and distribution 
of white on animals homozygous for Sh. These modifiers 
would seem to be responsible for the great variability in 
amount of white present (Figures 14 and 21). These 
differences arelikely to be highly heritable; thus, Here­
fords tending toward either extreme should be able to 
be produced without much difficulty.
Figure 17. This purebred Hereford bull evidently has the 
same genotype as the crossbred calf in Figure 18, ssBIbl+.
Figure 18. The spotting pattern of this calf (V2 Simmental :1/4 
Hereford:1/» Holstein) is produced by the genotype, 
ssBlbl+.
Figure 19. Calf 377 shows the typical white facial pattern 
produced by the genotype S +—  Blbl+ while 348 exhibits 
that produced by ShS + bl+bl+.
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Figure 1. The wild-type coloration exhibited by a 
Brahman x Hereford x Hereford F^  cow.
Figure 2. The wild-type coloration as it is expressed in 
a Texas Longhorn bull calf.
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Figure 8. This % Brown Swiss:1/» Angus exhibits the 
pattern seem ingly produced by the genotype 
awawC +cchE +— . Note the red pigmentation, which 
usually is not present in straightbred Brown Swiss.
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Olson (1975) used data collected from MARC Fx 
Hereford x Angus crosses to substantiate the incom­
plete dominance o fS h over S + (solid, nonspotted). 
Hereford Fx crosses in these data and wherever they 
have been observed have white faces, but often little 
white on other parts o f their bodies, when crossed with 
nonspotted breeds. The white facial pattern is domi­
nant even in interspecific crosses, as shown by Boyd 
(1914) in crosses o f cattle with bison. Personal observa­
tions of backcross (%) Hereford animals support this 
incomplete dominance hypothesis because some are 
similar in markings to Fx animals (ShS +) (Figure 22),
while others possess a typical Hereford pattern. The Sh 
mutant seems to be completely dominant over s. This 
statement is supported by observations by the authors 
of numerous Holstein x Hereford crosses (Figure 14) 
and by the Maine-Anjou x Hereford cattle described by 
Olson (1975). The only departure from typical Hereford 
patterns in cattle such as these is that they occasionally 
seem to possess more white than average Herefords. 
The amount of white o f these animals does not exceed 
the amount observed in the Hereford breed (Figure 21). 
Additional support for the complete dominance state­
ment is offered by the Hereford cattle described by
I  Table 3. White Spotting Mutants
Mutant name Symbol
Description of pattern 
produced
Figure (s) 
illustrating
Inheritance 
relative 
to wild type
Breeds possessing
Hereford pattern Sh A white face, belly, feet, and 
tail, often with a white stripe 
over the shoulders when 
homozygous. Only a white 
face is present in ShS+ 
animals.
14, 20, 21,22, 32 incompletely
dominant
Hereford, Braford, 
Beefmaster, Hays Converter
color-sided sœ The sides of the body are 
pigmented; variable amounts 
of white appear along the 
dorsal and vental areas 
extending forward from the tail 
and rump.
15, 20, 23, 24 incompletely
dominant
Pinzgauer, Charoláis, 
Longhorn
recessive spotting s Piebald; irregular areas of 
pigmented and white areas; 
the feet, belly, and tail are 
usually white.
16, 18, 25, 31 recessive Holstein, Guernsey, Jersey, 
Simmental, Ayrshire,
Maine-Anjou
White park Wp Primarily white with varying 
amounts of pigmentation, 
primarily located on the head 
and neck; the ears, muzzle, 
and feet are nearly always 
pigmented.
26, 27 incompletely
dominant
Texas Longhorn, Florida 
Native Cattle, Galloway, 
British White
roan r Homozygote: nearly white 
except small amounts of 
pigmentation on the edges of 
the ears.
Heterozygote: pigmented and 
white hairs interspersed.
29
28
incompletely
dominant
Shorthorn
Dutch belting Bt A belt of white of various 
widths around the paunch.
30 dominant Dutch Belted, Galloway ~
Blaze Bl A white head, often a blaze 
when heterozygous, without 
the associated white areas on 
other parts of the body 
produced by the Hereford 
pattern.
17, 18, 19 incompletely
dominant
Simmental, Holstein, 
Gronigen (European)
Brockling Be Areas of pigmentation within 
areas of white spotting 
produced by other mutants.
31, 32 dominant Nearly all solid-colored breeds 
plus the Shorthorn, Ayrshire, 
Normande, and probably the 
Norwegian Red
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Franke et al. (1975), which expressed typical Hereford 
patterns and yet carried the s allele.
Color-sided pattern
Wriedt (1925) first described the color-sided pattern 
(Figure 15) as being pigmented over most of the body 
with white areas on the croup, back, dewlap, underside 
o f the chest, belly, and udder. A white band often occurs 
across the foreleg, and white marks on other parts of 
the legs are common. Usually, the tail is white, and the 
head can have white areas with pigmented dapples 
(Figure 23). In some breeds such as the Pinzgauer, 
however, the head is always solid-colored even though 
animals o f this breed usually are homozygous for the 
mutant producing this pattern.
The mutant allele that produces this pattern of 
dorsal and ventral white areas or stripes traditionally 
has been called color-sided in the literature, and cross­
bred cattle possessing a variation of this pattern are 
referred to as linebacks or "skunks” by cattlemen. Both 
color-sided and lineback are useful and descriptive 
terms. Color-sided is a very appropriate term to de­
scribe the animals showing the pattern to its fullest 
extent in that the animals are indeed colored only on 
their sides. In terms of gene action, however, it would be 
preferable to refer to them as linebacks because the 
mutants differ from the wild type by the lack of pig­
mentation along the back. Most animals possessing 
this mutant in North America do not show the full 
pattern, and the restricted pattern is better described 
by the term lineback. In spite o f this, we prefer to use 
the term color-sided and the symbol Scs to represent the 
mutant that produces this pattern, primarily because of 
the use of the term in previous literature. Also, Here­
ford breeders use the term lineback to describe an over­
marked Hereford that may have a white stripe nearly 
the entire length of its back (Figure 20). Thus, the use of 
the term lineback to describe the color-sided pattern 
would create considerable difficulty and misunder­
standing.
Wriedt (1925) reported that crosses of color-sided 
animals with fully pigmented (S+S+) animals yield 
offspring with a restricted white-spotting pattern. 
Animals with this restricted pattern have fully pig­
mented heads, partly white underlines, and white dor­
sal stripes extending various lengths forward from the 
tail. Wriedt describes the mutant as being completely 
dominant in the offspring of spotted (ss) cows and in­
completely dominant in the offspring of unspotted 
animals (S+S +). Olson (1975) showed a path diagram 
of the relationship of the sires possessing the color-sided 
pattern in the Longhorn herd, which clearly demon­
strated a dominant mode of inheritance of the mutant.
The color-sided pattern may be so restricted that it 
appears only as white spotting on the tail and belly 
(Figure 24). This hypothesis is supported by the Fx 
animals of crosses of the Pinzgauer breed with the 
Angus breed since these crosses can show this minimal 
amount of white spotting. Charoláis crossbreds also 
show variations o f the color-sided pattern from the 
nearly complete expression of the pattern in some to 
others in which the pattern is restricted to white areas 
on the tail and belly or only on the upper portion of the
Figure 20. The Pinzgauer x Hereford Ft cow pictured ex­
hibits the pattern produced by the genotype, ShScs.
Figure 21. A purebred Hereford with somewhat greater than 
average white spotting.
Figure 22. The typical spotting pattern of a Hereford x 
Angus Ft cow (S"S+).
tail. Such restricted patterns were observed among the 
offspring of three o f the 26 Charoláis sires used in the 
Germ Plasm Evaluation program of MARC. Ten of the 
24 offspring of these three sires had white tails and 
white extending in a stripe forward from the tail. This 
stripe seldom extended much further forward than the 
hips of these animals.
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From these data, it can be concluded that the Sra 
mutant is incompletely dominant over S + and com­
pletely dominant over s. In addition, the pattern pro­
duced seems considerably affected by modifiers that 
can restrict or expand the amount of white produced by 
the mutant. Sra acts as a codominant with Sh because 
the effects of both mutants can be observed in ShSra 
animals as shown by the Pinzgauer x Hereford Fx cow 
shown in Figure 20. O f the breeds presently in the 
United States, only the Pinzgauer, Charoláis, and 
Longhorn breeds seem to possess this mutant (Table 3).
Because of the variability o f expression of this 
mutant, the color-sided pattern would likely be difficult 
to fix as a uniform breed standard in a composite breed. 
The mutant could, however, be readily eliminated in 
the development of such a breed if any animals showing 
any white areas on the mid to upper portion of the tail 
or any striping on the back, rump, and tail are elimin­
ated.
Recessive (Holstein) spotting
The pattern produced by the homozygous ss geno­
type as is seen in the Holstein breed is extremely vari­
able. The variation is from an animal almost entirely 
white with only a few pigmented spots on its head to the 
other extreme of an animal with white only on its feet, 
belly, and tail (Figures 16 and 25). The s mutant usual­
ly is completely recessive to S +, but some S +s indi­
viduals may show a small white star on their foreheads 
or a slight amount of white spotting on the hind feet. 
The variation in the percentage of white shown by 
homozygous (ss) individuals is highly heritable, accord­
ing to Briquet and Lush (1947). The heritability esti­
mate given was approximately 0.90. The very high 
estimate of heritability indicates that selection of cattle 
for either extreme white spotting or almost no spotting 
should be successful. This may be o f importance to 
Simmental breeders who wish to develop Simmental 
cattle that are homozygous for ss and yet possess as 
little white, spotting as possible. There may be major 
modifiers of the amount of spotting expressed on an ss 
animal, as Ibsen and others have suggested, but no data 
have been reported to substantiate their existence. The 
PI mutant for pigmented legs, which Ibsen has discus­
sed, modifies the spotting pattern, and this mutant will 
be discussed later. The breeds likely to possess the s 
mutant and each of the other white-spotting mutants, 
along with their modes of inheritance, are shown in 
Table 3.
By proceeding on the assumption that a multiple 
allelic series exists at the S locus, certain conclusions 
can be made regarding the importance of S-locus 
mutants to the development of composite breeds. First 
of all, since both Sh and Scs are at least incompletely 
dominant to S+, no difficulty would be expected in 
developing a solid-colored composite in which Hereford 
and Pinzgauer cattle are used. A  source of the S + allele 
from a third breed would, o f course, be required. It also 
should be easily seen that a composite breed containing 
only breeds possessing the Scs, S , and s mutants cannot 
be expected to produce any solid-colored animals. Also, 
the complete elimination of the s mutant from a popula-
Figure 23. This Texas Longhorn cow demonstrates the 
facial “dappling” often observed in animals with the color­
sided pattern.
Figure 24. The white spotting produced in SCSS + animals 
may be restricted to the tail as in this Pinzgauer x Angus Fx 
cow.
tion containing it and S + would require many test 
matings, which are not likely to be justifiable.
Blaze pattern
The term  "b laze” is suggested inasm uch as 
Lauvergne, who did not consider the possibility of two 
white facial spotting mutants, gave the symbol Blh to 
the white facial spotting mutant that he believed to be 
found in both the Hereford and Simmental breeds
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(Figures 18 and 19). Because o f the evidence that has 
been presented supporting the existence o f an indepen­
dent mutant, the symbol B1 will be used to designate 
the mutant responsible for the whole facial problem in 
the Simmental breed. The B1 mutant seemingly is in­
fluenced in its expression by alleles present at the S 
locus. In S +S + orS +s animals, the expression of B1 b l+ 
is restricted to a blaze (Figure 17) while in ss animals 
the effect o f Bl b l+ is to produce an entirely white face 
(Figure 18). This mutant may also be found in the 
Holstein breed since Gilmore (1952) describes a domi­
nant mutant that produces a white head in Holsteins. 
The Bl mutant likely is also responsible for the spotting 
pattern of the Groningen cattle o f the Netherlands 
described by Rouse (1970). These cattle are nearly 
solid-colored with small white markings on the under­
line in addition to the white facial markings. The areas 
around the eyes are pigmented, and none of the typical 
Hereford pattern markings other than a white face may 
be seen. Kuiper (1921) shows a cow, which was classi­
fied as a Holstein, that has this same type of white 
facial markings along with white feet and a white 
underline. This cow’s calf by a bull carrying the Dutch 
belted pattern has a blaze pattern like those produced 
by Simmental x Angus Fx crosses. This mutant may 
also be present in some Hereford cattle because the 
herd of cattle that produced the spotted Hereford cattle 
(Figure 19) described by Franke et al. (1975) produces 
animals very similar in spotting patterns to Simmental 
cattle.
White Park pattern
The White Park mutant, so named because of its 
presence in the English Park cattle, was given the 
symbol Wp by Ibsen. The White Park pattern found in 
the Longhorns of today, however, is likely o f Spanish 
origin. Dobie (1941) reported that "mixed with black 
and brown cimarrones (wild cattle o f Spanish origin) 
were whites with blue heads.” The White Park pattern 
typically is white with dark points. The pigmented 
areas include the entire ears, muzzle area and chin, 
eyes, teats, lower legs, and the entire hoof (Figure 26).
The literature leaves little room for doubt but that 
the White Park phenotype is produced by a dominant 
mutant. The occasional production o f solid-colored 
blacks or reds from the English Park Cattle was well 
documented by Storer (1877), Whitehead (1953), and 
others. Wallace (1907) and Whitehead also show evi­
dence of the dominance o f the White Park pattern pro­
ducing mutant in crosses with unspotted breeds. 
Wriedt (1929) concluded that the White Park mutant is 
dominant to its normal allele.
Lauvergne expressed a theory that the roan- 
producing allele o f the Shorthorn, which shall be sym­
bolized here as r, the symbol used by Rendel (1952) and 
Smith (1925), is allelic to the mutant producing the 
white pattern o f the Swedish Mountain cattle (Fjal- 
lras). His theory was based upon the fact that both r and 
the mutant producing the pattern of the Fjallras tend to 
be associated with the failure o f normal development of 
the female reproductive tract, and both restrict pig­
mentation. The Fjallras would seem phenotypically to 
carry the same mutant as the White Park cattle in
Figure 25. The Holstein spotting pattern may only produce 
a few areas of white spotting.
Figure 26. The White Park pattern is shown by the Texas 
Longhorn heifer.
which no such association with reproductive abnor­
malities has been noted. Lauvergne gave no direct evi­
dence for allelism, and none is known to exist. Storer 
(1877) and Barrington and Pearson (1906) both re­
ported that crosses o f White Park cattle with white 
Shorthorns yielded offspring that were completely 
white or white with some pigmentation on their ears. 
These Fx results do not settle anything with regard to 
possible allelism, and thus we assume that Wp and r 
are independent.
Even though the White Park pattern usually is a 
white body with pigmented ears, muzzle, and feet 
(Figure 26), there is some variation from this pattern. 
Some variations in the pattern may be referred to as 
light blue roans with fully pigmented extremities. The 
Colombian Blanco Orejenegro cattle (BON) exhibit the 
White Park pattern, but some animals may be de­
scribed as "light blue-gray” on their bodies. The Fi 
animals o f crosses of BON with fully pigmented breeds 
produced animals whose heads, upper portions of their 
necks, and legs below the knees and hocks were pig­
mented (Figure 27). The offspring of %  BON: Vi Jersey 
mated inter se showed the basic white pattern, except 
that spots now occasionally appeared on the sides of the 
animals, normally on the front half. These animals led 
to the formulation of the theory that animals heterozy-
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gous for Wp could express a pattern with pigmentation 
on the neck and sides in addition to the extremities. 
Although Wp has been clearly shown to be inherited as 
a dominant, there is little discussion o f the variation 
that can occur among animals heterozygous for Wp. In 
the written descriptions o f the Longhorn spotting pat­
terns, three seemingly describe White Park pheno­
types. One description was that of the usual White Park 
pattern with pigmentation restricted to the extremi­
ties, which sometimes included the head in addition to 
the ears and muzzle. The other two codes were for 
primarily white animals with differing amounts of pig­
mented areas on the head and neck regions, shoulders, 
and sides. One of these latter codes was for animals 
coded as having speckles in these areas, and the other 
was for animals having spots in these areas. These 
latter types always have pigmentation on their ears, 
muzzle, and feet and usually also have pigmentation on 
most of the rest o f the head and the neck. The hypoth­
esis tested by Olson (1975) was that these animals of 
the latter two types o f white phenotypes were heterozy­
gous for Wp. This study is complicated by the presence 
of other white-producing mutants in the population of 
Longhorns, such as recessive spotting and a dominant 
speckling to be discussed later. Additional complica­
tions stem from the fact that descriptions o f these other 
phenotypes may have been used almost interchange­
ably with the phenotypes o f the hypothesized White 
Park heterozygotes. These include animals coded as 
spotted or roan.
The data were analyzed by considering all the sires 
that expressed the White Park phenotype to be heter­
ozygous for the Wp mutant inasmuch as an analysis of 
the offspring of individual sires showed this to be a 
reasonable assumption. The mating o f White Park 
sires to non-White Park dams produced a total of 235 
offspring, of which 87 were non-White Park in pheno­
type, 82 were of White Park phenotypes, and 66 were of 
questionable phenotypes. These last animals were 
coded as spotted or roan. Ignoring the animals o f ques­
tionable phenotypes, the 87:82 ratio is not significantly 
different from a 1:1 ratio between White Park and 
non-White Park phenotypes. The mating of White Park 
phenotype sires to White Park phenotype dams pro­
duced 60 offspring: 11 non-White Park, 32 White Park 
phenotypes, and 17 of the questionable phenotypes. If 
we again ignore the questionable phenotypes, the ratio 
(32:11) shows a nonsignificant deviation from a 3 White 
Park:l non-White Park ratio o f phenotypes. The mat­
ing of non-White Park sires to White Park dams yielded 
320 offspring: 140 non-White Park, 90 White Park 
phenotypes, and 90 in the questionable category. This 
is a highly significant (X2 = 10.87) chi-square value for 
the test of a 1 White Park:l non-White Park ratio, even 
though almost exactly the same percentage of animals 
was in the questionable phenotypes as with the two 
previous mating types. This deviation may have re­
sulted because a proportion of the cows coded as White 
Park in phenotype were not White Park heterozygotes. 
This would be especially true of those coded as white 
with pigmented spots since their 86 progeny included 
bvice as many non-White Park phenotypes as White 
Park phenotypes and the percentage in the question-
Figure 27. A pattern often observed in Wpwp+ heterozy­
gotes is shown by this Florida Native heifer.
able categories was small (16.3%). This seems to indi­
cate that many of these females were showing white 
because they were homozygous for recessive white spot­
ting instead of being heterozygous for Wp.
The conclusions that seem justified with regard to 
the White Park pattern are the following. First, the Wp 
allele seems to act as a dominant over its normal allele. 
Second, there seem to be modifiers that produce varied 
phenotypes in animals heterozygous for Wp. These 
variations in phenotype include pigmented spots, 
specks, or both, on the head, neck, and sides o f a pri­
marily white animal that has full pigmentation o f its 
ears, muzzle, and feet. The heterozygous individual 
also can look very similar to a light blue or red roan. 
This conclusion would support the hypothesis that Wp 
is allelic to the mutant that produces the roan pattern 
in Shorthorns. No definite conclusions can be drawn 
from this data set with regard to the coloration of the 
homozygote, but it seems likely that pigmentation 
would be expressed only on the ears, muzzle, and 
perhaps the feet o f such animals.
Strikingly marked Fx calves could be produced by a 
composite breed that has the Wp allele incorporated 
into it. There probably would be some difficulty in 
standardizing the color in the breed, however, because 
many modifiers have been shown to affect the pattern. 
The possibility o f reproductive problems in a breed 
homozygous for Wp also must be considered owing to 
the association o f whiteness and reproductive failure 
shown by Settergren in the Swedish Fjallras breed, 
which was discussed by Lauvergne (1966).
Roan pattern
The roaning mutant possessed by the Shorthorn 
breed may be present in the W ichita Mountains Wild­
life Refuge Longhorn herd, but it was not studied be­
cause of the probability that the Wp mutant, when 
heterozygous, could produce a similar phenotype and 
because of the lack of numbers o f roan animals. The 
symbol to be used for the roaning mutant will be r, as 
mentioned in the discussion of the Wp mutant. The 
phenotype of the heterozygote for r is a variable amount 
of white hairs interspersed along pigmented hairs
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(Figure 28). The homozygote is completely white, ex­
cept for the outermost edges of the ears in most animals 
(Figure 29). There are strong indications that homozy­
gosity for r is associated with "white heifer disease” 
that usually causes sterility as a result of failure of 
Mullerian duct development so that the uterus and 
vagina remain undeveloped (Rendel, 1952). For this 
reason, one probably would wish to avoid using the r 
mutant in the development of a synthetic breed.
The action o f the r mutant and all the other white- 
spotting mutants seems to be completely independent 
o f the color o f the pigmentation in the coat of the ani­
mal. In other words, the color o f the coat has no effect 
upon the action o f the white-spotting mutants. From 
personal observation o f animals carrying both the r 
mutant and other white-spotting mutants, there seems 
to be an interaction involved between these mutants. 
Animals seem to have a greater amount of white, at 
least in some instances, in the presence of both the r 
mutant and another spotting mutant such as Sh than 
would be expected from a combination of the effects of 
the two mutants.
Dutch Belted pattern
The Dutch Belted pattern is characterized by a 
white belt o f differing width around the paunch of an 
animal (Figure 30). Lauvergne uses the symbol Bt1 to 
stand for the mutant producing this pattern. The super­
script 1 was used to refer to the Lakenvelder breed, 
which possesses this mutant, but this is not proper 
symbolism, and thus, the 1 will be omitted. The study of 
Kuiper (1921) and the descriptions o f Stuart (1970) lead 
to the conclusion that the mutant producing the belted 
pattern, Bt, is dominant to its normal allele, as is seen 
in crosses with unspotted animals. There can be, 
however, considerable variation in both the width of 
the belt and its uniformity around the belly of an ani­
mal. Observation of the photographs of Stuart (1970) 
indicates that, in the presence of extreme modifying 
factors, the belt may not extend around the entire girth. 
Thus, the animals described by Kuiper (1921) as 
piebald (3 or 4 out o f 55 calves sired by a heterozygous 
belted bull from Holstein heifers) are likely to be ex­
treme modifications o f the belted pattern. At the other 
extreme, the belt may extend from approximately the 
point o f the shoulder to the hips including the hind legs., 
There is no evidence in the literature to support the 
allelism of Bt with any other spotting mutants as Ibsen 
hypothesized.
In addition to the Dutch Belted cattle, the Bt 
mutant is found in the North American cattle popula­
tion in the Galloway breed. There would be some diffi­
culty in establishing a composite breed homozygous for 
this pattern because o f the presence of these modifiers 
that affect the belt, but the presence of this mutant in a 
breed would definitely result in strikingly marked Fx 
calves when crossed with unspotted breeds.
Brockling (pigmented legs) pattern
Ibsen described a modifier o f the phenotype pro­
duced by the ss (spotted) genotype that produces a 
pattern without white spotting on the legs. White- 
spotted areas remain, however, on the sides. The
Figure 28. These roan Shorthorns are heterozygous for the 
roaning mutant, r.
Figure 29. When homozygous, the roaning mutant removes 
all pigmentation as in this white Shorthorn.
Figure 30. A Dutch Belted dairy cow showing the pattern 
produced by the Dutch belting mutant.
mutant responsible, PI, is said to act as a dominant in 
the breeds in which it is found. Personal observation of 
a limited number of animals in a single Ayrshire herd 
tends to support this hypothesis (Figure 31). This same 
factor is hypothesized by Ibsen to be responsible for 
producing the so-called brockle faces common among 
crosses o f Herefords with solid-pigm ented breeds 
(Figure 32). Because the production o f the brockle-face 
pattern would seem to be o f greater interest to breeders
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of cattle, the symbol PI will be replaced by Be to symbol­
ize brockling. Certain Ayrshire cattle that have been 
observed support the hypothesis that the same mutant 
that causes pigmentation to occur in the normally 
white areas of an animal homozygous for s (Figure 31) 
also can cause spots of pigmentation (Figure 32) to 
occur on the normally white face o f an animal carrying 
B1 or Sh, the dominant white facial marking mutants. 
Another aspect with regard to the Ayrshires that car­
ried the Be mutant is that the white areas on the sides 
of these animals carried small flecks o f pigmentation 
(ticking). In addition, the white-spotted areas on the 
sides of these animals had very irregular jagged edges 
with the areas o f pigmentation. Whether these effects 
are due to the Be mutant or to other factors is not 
known.
In the analysis o f the MARC data, sires of unspotted 
breeds bred to Hereford cows were analyzed individual­
ly to determine if single gene differences with regard to 
facial markings could be observed. The results were not 
conclusive because no sire produced more than 10 
offspring of this type. There did seem to be a tendency 
for individual sires o f the solid-colored breeds to pro­
duce only clear-faced, only brockle-faced, or both brock- 
le-faced and clear-faced progeny as would be expected 
from both homozygous and heterozygous sires in a 
breed. Thus, the data tend to support the Ibsen hypoth­
esis that a single dominat mutant is responsible for 
producing the brockle-faced pattern. The rings around 
the eyes of Groningen cattle (Rouse, 1970) and certain 
strains of Simmental cattle may be due to the Be 
mutant. This mutant also seems to be present in most 
solid-colored breeds, with the possible exception of the 
Brown Swiss and Gelbvieh breeds, and also is present 
in the Ayrshire breed.
Other spotting mutants
An interesting possible mutant, which may be pos­
sessed by the Longhorn cattle in low frequency, is one 
that produces irregular speckling on animals showing 
at least 80% pigmentation (Figure 33). This type of 
speckling also has been observed in the Gir and Co­
lombian Criollo breeds and in Brahman crosses. The 
mode of inheritance o f this proposed mutant ostensibly 
is that of a dominant with variable expressivity. The 
pattern seemed able to vary in expression from a slight 
speckling on the underline to a general speckling 
(Figure 33) over most o f the sides o f the body. This 
mutant will be symbolized as Sp, speckling, as if it were 
controlled by a single dominant mutant, but there is 
not enough evidence to support this conclusion very 
strongly.
Another coat-color variation  observed in the 
Longhorn herd and not previously reported is shown in 
Figure 34. The animals showing this pattern were un­
usual in that the white areas o f the bodies were filled 
with pigmented specks similar to the ticking pattern of 
certain breeds of dogs. The pattern is very similar to 
that shown by the Ayrshire in Figure 31. Because of 
problems in coding the data, only general assumptions 
about the inheritance of this pattern can be made. The 
pattern is different from that produced by Ps, pig-
Figure 31. This registered Ayrshire also shows the effects 
of the brockling mutant.
Figure 32. The brockling gene produces pigmented areas 
within areas that would otherwise be white as is shown by 
this Hereford x Angus F1 cow.
mented skin spots, described by Ibsen, in that the hair 
and not only the skin is pigmented. The symbol Tl, for 
ticking of the Longhorns, is proposed to represent the 
mutant or mutants responsible for the production of the 
pattern. Tl can be considered as a specific modifier of 
any white-marking factor. One possible explanation of 
this pattern is that it is a modification of the effect o f Be, 
the brockle-faced mutant.
The Normande breed possesses a unique spotting 
pattern, usually consisting o f a white head with pig-
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merited areas around the eyes and also a pigmented 
muzzle and a spotted body where the spots usually are 
small, resembling specks, but larger than the "ticks” 
produced by the hypothesized mutant, Tl. The mutant 
producing this pattern is either allelic to s or is a modi­
fier o f the pattern produced by s because crosses with 
Holsteins yield spotted offspring while crosses with 
unspotted yield nearly solid-colored progeny that nor­
mally have white heads with pigmented areas sur­
rounding their eyes and some white on their under­
lines. The white facial pattern is likely due to the B1 
mutant. The Be mutant may possibly be involved in the 
production of this pattern as well. The spotted crossbred 
Normande offspring typically show the same type of 
unusual spotting as the purebreds, which indicates the 
possible presence of a dominant modifying factor re­
sponsible for the production of this specific variation of 
the recessive spotting (ss) pattern. There are not suffi­
cient data available to make any further conclusions 
about this or the other postulated mutants.
Prediction of Colorations Resulting From 
Crossbreeding Programs
Inasmuch as there is considerable interest by cattle 
breeders and others concerning the prediction of colora­
tions and spotting patterns from various breed crosses, 
the sections that follow will attempt to accomplish this 
purpose. Included in the section on each breed cross will 
be information concerning the coloration(s) expected 
and some estimate of the difficulty that could be antici­
pated in establishing a uniform coloration in a com­
posite breed consisting o f those breeds.
Hereford x Angus
F1 coloration: The coloration of the F1 crossbreds 
will be primarily black with white faces; some faces, 
however, will be brockled, and some animals will be red 
instead of black.
Breeding considerations: Inter se matings will re­
sult in animals showing red or black pigmentation; 
some will be solid colored, others with white faces that 
may show brockling; in addition, some will carry full 
Hereford markings. The coloration, o f course, is inde­
pendent o f the spotting pattern so that both red and 
black animals, for example, could show the full Here­
ford spotting pattern. Crisscrossing will produce the 
same colorations as inter se matings except that all 
Hereford-sired calves will at least have white faces, 
although some will be brockled. The black color and 
white face with or without other white markings would 
be difficult to fix but would be relatively easy to estab­
lish as the predominant coloration.
Jersey x Hereford
F1 coloration: If several Jersey sires are used, con­
siderable variation in Fx coloration will be observed. 
Most will be red with differing amounts o f brindling. 
Some animals will be red or brownish red with black 
areas, and a few may be dark brown, depending upon 
the presence of the alleles E + or e and the presence of 
the brindling mutant, Br. A ll will have white faces, 
many of which will be brockled. The feet, underline,
Figure 33. The white speckling pattern of this Texas 
Longhorn heifer is likely due to a dominant mutant.
Figure 34. The ticking pattern (many very small round 
spots) shown by this Texas Longhorn steer may be the 
result of the brockling mutant interacting with other 
mutants.
and tail often are white. Occasionally, animals will 
have full Hereford markings. These animals are prob­
ably Shs in genotype.
Breeding considerations: Inter se or crisscross mat­
ings will result in a great variety o f colors and white­
marking patterns. These will range from animals with 
full Hereford markings and some white-spotted (Hol­
stein markings) animals to solid-colored animals. The 
colors will include fawn, fawn with blackish areas on 
the head and neck, red, brown with black areas, and 
many variations o f brindling. A white-faced brindle 
animal probably would be most easily maintained as 
the predominant color. The brindle pattern probably 
could be avoided if fawn-colored Jersey bulls without 
any blackish areas are used to breed to Hereford cows. 
These bulls presumably would be ee at the E locus and 
thus should sire only red progeny.
Jersey x Angus
F1 coloration: The F* coloration will be primarily 
black, with some of them having a brownish poll and 
brownish areas along the spine and hind legs. A few 
may be brindle or brown with blackish areas (wild 
type).
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Breeding considerations: Inter se or crisscrossing 
will result in many o f the Fx coloration, but others will 
be fawn colored. Some solid reds as well as spotted 
animals should be produced. The brindle coloration also 
will be produced by crisscrossing or inter se mating of 
this cross. The solid black or nearly black with some 
brownish coloration of the Fx would appear most fre­
quently among the inter se mated animals of this cross, 
but a uniform coloration would be difficult to establish.
Charoláis x Angus
Fx coloration: The Fx animals o f this cross will be 
light gray or light yellow. Occasionally, a darker gray 
or yellow animal will be produced by certain Charoláis 
animals. This, presumably, would be due to the effect of 
the Db rather than Dc dilution mutants. The color­
sided pattern will be visible on some animals if they are 
closely observed.
Breeding considerations: Crisscrossing will result 
in white, gray, and yellow offspring of Charoláis sires 
and gray, yellow, red, or black offspring of Angus sires. 
The color-sided pattern will be observed distinctly on 
some of the red and black animals. Occasionally, a 
Charolais-sired animal may show the recessive (Hol­
stein) spotting pattern. Inter se matings will result in 
white, light gray, light yellow, and possibly some 
darker dilute colorations in addition to red and black 
animals. Inter se matings also should result in the 
production o f some spotted and color-sided animals. 
The color-sided mutant probably could be removed 
from a composite population with little effort, but the 
spotting and dilution mutants would take considerable 
effort to eliminate. A light gray, yellow, or white colora­
tion could be relatively easily maintained as the pre­
dominant coloration with only minor selection effort.
Charoláis x Hereford
Fx coloration: Fx animals o f this cross will be light 
yellow with a white face, which may be brockled. Care­
ful observation of Fx animals will reveal some other 
areas of white on the underline and feet o f certain 
animals. Animals carrying the color-sided mutant will 
show areas o f white on the tail and rump also. The full 
Hereford pattern should be present in animals receiv­
ing the s mutant from their Charoláis parent.
Breeding considerations: Inter se and crisscross 
matings should produce white, light yellow, and red 
animals. The animals with enough pigmentation to 
show white-spotting patterns may show any of the fol­
lowing patterns: the Hereford pattern, recessive white 
spotting, the color-sided pattern, or just a white face, 
which may be brockled, and no other white markings. 
A light yellow or white would be most easy to maintain 
as a predominant coloration, and such a coloration 
makes the variation in white spotting much less notice­
able.
Holstein x Angus
Fx coloration: A ll Fx animals of this cross will be 
black except for an occasional red animal. With much 
smaller frequency, a red calf will be bom  that may later 
turn nearly black. Almost all progeny will show no
white spotting, but a few may have a white spot, a 
"star,” on their heads and white on their hind feet, and 
some white on their bellies.
Breeding considerations: Neither an inter se nor a 
crisscrossing breeding program would show much seg­
regation from the solid black phenotype of the F1} but 
spotted animals will be produced. The black coloration 
with little or no white spotting would be relatively easy 
to maintain in an inter se mated population, but about 
half the Holstein-sired progeny in an established criss­
crossing system would show the typical types o f spot­
ting found in Holstein cattle.
Holstein x Hereford
Fx coloration: Most o f the Fx cross animals will be 
black, but occasional red animals will be produced as 
well. All the crossbreds will have white faces and the 
rest of the Hereford pattern, often with slightly more 
white than is seen in a purebred Hereford.
Breeding considerations: Considerable variation 
will likely be observed in inter se bred animals from 
this cross. The red coloration as well as recessive spot­
ting will segregate out. The white facial pattern should 
not be brockled. A  crisscrossing system would allow the 
"black-white face” pattern to predominate, but some 
spotted progeny also will be produced.
Simmental x Hereford
Fx coloration: The Fx coloration will be basically 
that o f the purebred Hereford, although some lighter 
colored and yellow animals can be expected. Some 
animals may show some excess amounts o f white over 
the normal Hereford pattern, such as spots o f white on 
their shoulders.
Breeding considerations: Inter se or crisscross bred 
animals w ill be relatively uniform ly colored and 
marked like the Fx coloration. Some excessively light- 
colored dilute (yellow to white) animals will be pro­
duced, as well as occasional animals mainly white, as a 
result o f the action of the s mutant. Because two inde­
pendent mutants (Sh and Bl) seem to be responsible for 
the white facial markings of these two breeds, some 
animals without any white facial pattern or other 
white spotting could be produced if the Simmental 
breed is not homozygous for s. The fact that the Sim­
mental breed is not homozygous for the mutant that 
produces its white facial pattern (Bl) would be another 
reason to expect occasional animals without white 
faces. In general, however, a red animal with a white 
face and some other white markings should be very 
easy to maintain.
Simmental x Angus
Fx coloration: The coloration of the F1 crossbreds 
will be silver gray to a dark charcoal gray, with occa­
sional blacks also being produced. Most will have some 
white on their faces as either a spot or a blaze or have a 
white face similar to the Hereford x Angus facial mark­
ings. It is possible, however, for solid-colored Simmen­
tal x Angus Fx crosses to be produced. Some Gelbvieh x 
Angus Fx crosses will also show this silver-gray colora­
tion.
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Breeding considerations: An inter se or criss­
crossing program will result in the production of some 
very light-colored animals homozygous for the Sim- 
mental dilution, Db. Some spotted animals will con­
tinually be produced, and solid-colored animals also 
will be produced. Proper selection of Simmental sires 
could be used to develop a composite not possessing the 
white facial pattern and solid black in coloration if this 
were considered desirable. O f course, the dilute and 
nondilute red colorations also will segregate out. The 
easiest coloration to maintain as the predominant col­
oration of an inter se bred composite would be silver 
gray with some white spotting on the head.
Simmental x Holstein
Fx coloration: Assuming that the dominant black 
mutant, Ed, is received from the Holstein, the Fx colora­
tion will be black, charcoal (dark gray), or silver gray. 
The animals will, in general, have white faces and 
spotted bodies. There will be considerable variation in 
the amount of white spotting on the body. Occasional 
animals will have only a "star” or a "stripe” on their 
face.
Breeding considerations: An inter se bred popula­
tion would result in segregation o f red-pigmehted 
animals of various shades as well as light gray and 
black animals. The white facial spotting due to B1 will 
not be present on all animals, but would be fairly easy 
to maintain as a predominant coloration. The body 
spotting pattern due to s, although variable, should be 
nearly homozygous in a composite breed produced from 
the Simmental and Holstein breeds.
Chianina x Angus
Fi coloration: W ith few exceptions, the F1 coloration 
will be black with a few brownish areas on the poll, 
muzzle, hind legs, and underline. Occasional light red 
calves will also be produced, however.
Breeding considerations: Inter se matings will re­
sult in nonspotted, predom inantly black progeny; 
however, light red and white animals will also be pro­
duced. If sires are tested free o f the red gene (e), there 
will be little problem in color variation. Some brownish 
colored animals are likely, however, even when EdE 
sires are used.
Multiple Breed Crosses and Composites
Brown Swiss crosses with Hereford or Angus
Fx coloration: The F1 cross animals of the Brown 
Swiss breed with the Hereford and Angus will resemble 
Jersey crosses with these two breeds in coloration. Red 
brindles will be produced from Herefords; near-black 
animals from Angus.
Breeding considerations: The colorations that will 
segregate out o f the Jersey crosses in an inter se or 
crisscrossing system also will segregate from Brown 
Swiss crosses with the addition of the dilute colorations 
produced by the action o f the aw mutant. Many animals 
will be nearly like the Brown Swiss coloration except 
that they do not have as extensive a removal o f 
phaeomelanin (red) pigmentation and are somewhat
darker. A light red or light red brindle coloration 
should be very common in animals not carrying Ed.
Gray Brahman, Brown Swiss, or Chianina crosses
Fx coloration: The Fx crosses o f Brahman, Brown 
Swiss, and Chianina with Herefords will result in 
many shades of brindles as well as some animals of red 
coloration or slightly lightened red. The brindles from 
the Brahman crosses may be darker than most of those 
produced by the Chianina crosses. Some of the Chiani­
na x Hereford Fx crosses can be described as yellow 
brindles. Many of the Chianina x Hereford Fx crosses, 
however, will not be brindle, but merely light red, simi­
lar to many Brown Swiss x Hereford Fx crosses. Angus 
crosses with Brahman sires should yield either distinct­
ly black animals or black animals with brownish areas 
on the poll and along the back, again very similar to 
Brown Swiss or Jersey crosses. Crosses o f Chianina or 
Brahmans with the Brown Swiss breed should yield 
almost all animals colored like the Brown Swiss breed. 
Crosses of the Chianina with the Brahman should be 
similar in coloration to the two parental breeds.
Breeding considerations: Inter se matings or criss­
cross matings involving these breeds will result in an 
extremely wide variety o f colorations, with some varia­
tion of brindling being the predominant coloration if 
the Hereford, Angus, or a similarly colored breed is also 
included in the parentage of the cross. These brindles 
will vary from dark red brindles to yellow brindles to 
the strikingly colored silver brindles. Other colors like­
ly to be produced would include various shades of fawn, 
light brown, and the colors o f the Brown Swiss and 
Brahman purebreds. If the Brahman, Chianina, Brown 
Swiss, and similarly colored breeds are the only breeds 
included in a composite, then little variation should be 
expected in the coloration of the resulting animals. If 
these breeds are the predominant ones in a composite, a 
coloration similar to that of the Brown Swiss would be 
the most easily fixed.
Hereford x Angus x Charoláis
Coloration-Breeding considerations: If the Char­
oláis breed is used as a terminal cross sire breed on Fx 
Hereford x Angus females, this system will result in 
very uniformly colored three-breed cross calves. This is 
because the Dc dilution mutant o f the Charoláis re­
moves so much of either the red or black pigmentation 
that neither the pigmentation variation nor the varia­
tion in white-spotting pattern is very noticeable. Inter 
se mating of crossbred animals including these breeds 
will result in white (those homozygous for Dc), red, 
black, light yellow, and light gray animals. The spot­
ting patterns present among these animals will include 
white faces (which may be brockled), the full Hereford 
pattern, the color-sided pattern, and the recessive 
white-spotting pattern in combination with any of the 
preceding colorations. A rotational crossing system 
would result in somewhat less variation, but the same 
colorations will be produced. A  white-faced animal that 
is light gray, light yellow, red, black, or white would be 
the predominant coloration produced in a rotation 
system.
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Hereford x  Angus x Sim m ental
Coloration-Breeding considerations: Using the 
Simmental breed as a terminal cross on Hereford x 
Angus Fi females will result in a variety o f colorations. 
Half should be red, light red, or yellow, and the other 
half black, charcoal gray, or silver gray, with light red 
and silver gray being predominant. Practically all the 
three-way-cross calves will have some white on their 
faces, ranging from the typical blaze o f the Angus x 
Simmental Fx cross to the facial pattern of the Hereford 
x Simmental Fx cross. A  few offspring o f certain sires 
may not have white facial markings. Inter se matings 
will allow the production of animals homozygous for 
the Simmental dilution, Db; thus, very lightened col­
orations are possible. A  silver gray or light red colora­
tion with white facial markings would be the most 
simple to maintain as a predominant color. A rotational 
breeding system using these breeds will have a high 
percentage of animals with white facial markings and 
of silver gray, light red, or red colorations. Some black 
offspring, however, will be produced when Angus sires 
are used in the rotation.
Jersey cross females x Simmental
Coloration-Breeding considerations: The use of 
Simmental sires on Jersey-cross females will result in 
quite variable colored progeny because the Simmental 
breed is homozygous neither for the white facial spot­
ting mutant, Bl, nor for the dilution mutant, Db. Most 
will be light red with some variation, some will have 
blackish heads, and occasionally others will be brindle. 
Some of the offspring of Jersey x Angus Fx crosses will 
be silver gray. Most o f the three-way crosses will have 
white faces, especially those from the Hereford x Jersey 
Fx cross females, and many will be spotted. Inter se 
mating of these three-breed crosses will result in a 
great variability o f colorations, including all the colora­
tions possible from the F1 crosses o f the breeds in the 
three-way cross and the colorations o f the individual 
pure breeds. A light-colored, spotted animal with a 
white face would probably be the most simple to de­
velop as the predominant color o f a composite including 
the Simmental and Jersey breeds.
Brahman cross females x Charoláis
Coloration-Breeding considerations: Breeding Fx 
Brahman cross cows to Charoláis bulls should produce 
uniformly light colored, three-way cross calves no mat­
ter what breed was used in the crosses with the Brah­
man. Inter se matings o f such crossbreds again will 
produce a wide variety o f colorations. Among them will 
be white due to both Dc or a*15, red, yellow, gray, and 
many shades of brindle and fawn. Selection for the Dc 
mutant will cover all the effects o f the other mutants 
producing color variation.
Brahman crosses x Simmental (Simbrah,
Brahmental)
Coloration-Breeding considerations: Brahman x 
Angus and Brahman x Hereford Fx females when 
crossed to Simmental bulls should yield mainly light- 
colored calves, ranging from light red to light brown to
silver gray. Others may be dark red, red brindle, or 
black. White markings may occasionally be extensive 
because the Brahman breed seems to carry the s 
mutant. Most o f the offspring will have white faces, 
which likely will be brockled. Because o f the mutants 
that remove coloration in both the Simmental and 
Brahman breeds, inter se mating should produce pri­
marily light-colored animals. Both an inter se and rota­
tional crossing system, however, will produce some red, 
red brindle, and black offspring. Some white facial 
markings should persist in inter se bred animals.
The Simmental x Brahman derived breeds (Sim­
brah, Brahmental) will show a great diversity o f colora­
tions and spotting patterns. This will be particularly so 
when percentages (%  or %) Simmental that contain 
Angus or Hereford breeding are used. From these latter 
two breeds, the Ed and Br mutants, in particular, would 
enable a multitude of colorations to be produced. Thus, 
it would be rather difficult to select for a uniform colora­
tion in such a population. Light red, yellow, and gray 
are likely to be the predominant colors produced in 
cattle o f this breeding. The spotting patterns to be 
expected w ould include ones w ith considerable 
amounts o f white spotting. Since there would likely be 
some buyer discrimination against cattle with exten­
sive white spotting, some selection pressure should 
probably be placed against the s mutant. A high fre­
quency of the brockling mutant, Be, would be desirable 
in this type of animal to ensure that the eyelids and 
areas surrounding them are sufficiently pigmented.
Production of Nontraditional Color 
Patterns in Domestic Purebred Simmental 
and Limousin Cattle
Some Simmental and Limousin breeders have an 
interest in developing cattle that are different from the 
color patterns of the breed in Europe. Since bulls with 
15/i6 and cows with Vs Simmental or Limousin breeding 
can be registered, there are opportunities to develop 
new colorations in these breeds with mutants from 
other breeds. Black is one coloration that breeders are 
interested in incorporating into these breeds. The Ed 
mutant responsible for the black coloration of Holstein 
and Angus cattle would not be difficult to incorporate 
into these breeds because of its dominant mode of in­
heritance. This is complicated, however, in the Sim­
mental by the presence o f two or more dilution factors 
that can change what would have been a black colora­
tion to a charcoal, chocolate, or gray coloration (Figures 
11 and 12). Because these mutants are dominant, 
however, and their effect is easily observed on animals 
carrying Ed, they should be easy to eliminate from a 
population through selection. A breeder wishing to de­
velop a herd of black Simmental may find it useful to 
use Vs females with the diluted black phenotypes (Fig­
ures 11 and 12) to increase the likelihood of producing 
black progeny when bred to black bulls. Some black 
progeny should be produced even when dilute black 
sires are used on such females.
A difficulty for breeders o f both black Simmental 
and Limousin cattle will be elimination o f the red gene
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(e) that will be found in all animals resulting from a 
grading-up program —they would all be sired by 
homozygous (ee) bulls. If a breeder desired to produce 
homozygous black animals, a test mating program 
would be necessary to select the appropriate sires. 
About one-third of the black progeny (bulls or heifers) 
of black or gray sires mated to black or gray dams 
should be homozygous for Ed (not carry the red gene). 
Such bulls would never sire red progeny even when 
bred to red cows. Bulls can be considered homozygous if 
they produce seven or more black calves from red cows 
without producing any red ones.
The production o f domestic purebred Simmental 
cattle without a considerable amount o f white spotting 
may be a problem if care is not taken to increase the 
frequency of the S +, nonspotting, allele. Since this 
allele is dominant, this can be effectively done by select­
ing 15/i6 bulls that have little or no white spotting and 
thus carry the S + allele. After one generation of mating 
bulls o f this type to similarly nonspotted %  or 15/i6 
females, a testing program to select the homozygous 
(S+S +) bulls could be established. A bull that produces 
at least seven nonspotted calves without any spotted 
ones from spotted cows can be considered homozygous. 
After several generations o f use o f homozygous bulls, 
the testing program will not be necessary as long as the 
occasional animal that produces a spotted calf is re­
moved from the breeding program.
General Comments on Other Breeds and 
Composites
In general, the red coloration of all breeds will act as 
does the red of the Hereford and Angus (red) breeds. 
The lightening effect observed in the red coloration of 
the Limousin and other breeds may be due to the 
hypothesized mutants, atp or aw, or to some other 
mutant that has not been studied. If only red breeds or 
breeds such as the Simmental and Charoláis, which are 
red except for dominant dilution mutants, are used in 
the development o f a composite, the solid red coloration 
can be made uniform in the population whenever selec­
tion pressure is brought against the dilutions. Within 
such a composite, white animals can be avoided with­
out selection by avoiding mating heterozygous dilute 
animals to each other. The addition of a black breed, 
which differs from the red breeds only by replacing e 
with Ed, does not seriously complicate the coloration 
expected in the development of a composite because Ed 
can be easily selected out. Individual breeders o f a 
composite breed could produce, with little difficulty, 
homozygous red herds from a base as described. White 
markings found in any o f the breeds, with the exception 
of recessive spotting, would not be difficult to remove 
unless they are in high frequency because all the spot­
ting mutants with the exception of s show some degree 
of dominance.
Somewhat more difficulty can be expected in stan­
dardizing the coloration of composites including the 
Hereford and Angus breeds with breeds possessing the 
E + allele (wild-type coloration). Breeds such as the 
Jersey, Brown Swiss, and Brahman carry E +, which 
allows the expression of brindling. Selection of only red
breeding animals within the composite will likely be 
the quickest avenue to a uniform coloration when a 
breed possessing E + is included in a composite.
The Jersey, Brown Swiss, Brahman, and Chianina 
breeds also possess mutants responsible for removal of 
pigmentation that are, in general, recessive in inheri­
tance. Usually the presence o f these mutants in the 
heterozygous state can be detected by a lightened red 
coloration in ee or E +e animals, but they seem to have 
little effect upon the black coloration (Ed) when heter­
ozygous. As a result, animals o f the colorations typical 
o f Jersey, Brown Swiss, and Brahman cattle can be 
expected to segregate from composites containing these 
breeds.
To summarize, a red to light red, solid-colored com­
posite breed would likely be the simplest to develop and 
maintain as a uniform pattern. Unless needed for speci­
fic purposes, the Jersey, Brown Swiss, Chianina, and 
Gray Brahman breeds should not be utilized in a com­
posite if quickly achieving a uniform coloration is a 
goal. If only red, nonspotted animals are included in a 
composite, little if any segregation of coloration or 
white marking should occur.
Summary
Eyidence is presented in support o f considering the 
coloration found in the Aurochs, the progenitors of the 
cattle o f today, as the wild type or standard of compari­
son for a study of mutants found in cattle. The wild-type 
coloration is characterized by a red or fawn coloration 
as a calf that darkens to a pattern of dark brown or 
black on the extremities and lighter brown or red on 
other parts o f the body as the animal ages. Usually 
bulls have larger areas o f dark pigmentation and have 
considerably darker pigmentation than do cows.
The E locus contains two mutants, Ed and e. Ed is 
responsible for the black coloration observable in 
Angus and Holstein cattle and is completely dominant 
to E +, the wild-type allele, and e, which produces the 
red coloration of Hereford, Red Angus, and Simmental 
cattle. The brindling mutant, Br, seems to require the 
presence of both eumelanin (black) and phaeomelanin 
(red) pigments in the hair coat to produce its striking 
pattern of alternating black (dark) and red (lightened) 
stripes. The coloration in the lighter areas can vary 
from dark red to very light yellow or silver, depending 
on the other mutants present and acting upon the col­
oration. Ostensibly, brindle animals are produced 
when animals o f breeds carrying the E + allele at the E 
locus (Jersey, Brown Swiss, Brahman) are crossed with 
breeds carrying Br (Hereford, Angus, Shorthorn, etc.). 
The brindling mutant does not act on animals homozy­
gous for e and only acts upon animals carrying Ed when 
other mutants produce areas o f reduced pigmentation.
Sufficient data Eire not available to fully understand 
the possible alleles present at what are termed the A 
and C loci in other species. The colorations of the Brown 
Swiss, Chianina, Brahman, Jersey, and Limousin 
breeds, however, Eire likely to be influenced by mutants 
at these loci. Available information has led to the 
hypothesis o f three mutants being responsible for the 
colorations o f these breeds: aw, atp, and cch. The aw and
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mutants in conjunction with the action of cch upon 
the wild-type coloration are thought to be responsible 
for the colorations o f the Brown Swiss and Brahman 
breeds, respectively. In the Brown Swiss, aw removes 
pigmentation from the wild-type coloration, particular­
ly eumelanin (black), from many areas o f the body. The 
mutant, atp, acts similarly to aw except that additional 
pigmentation is removed. The chinchilla-like mutant, 
c , is responsible for removal o f phaeomelanin (red 
pigment), thus producing the gray coloration of the 
Brown Swiss and the light gray to white coloration of 
the Brahman. Although these mutants are symbolized 
as récessives, cch may cause some removal o f phaeomel­
anin when heterozygous. Also in crosses o f the Brown 
Swiss, Jersey, Chianina, and Brahman breeds with 
black breeds (carrying Ed), the presence of aw or a^ 
often is indicated by areas o f a brownish coloration, 
particularly on the poll and underline, on an otherwise 
black animal.
The wild type with regard to white-spotting pat­
terns must simply be a lack o f white spotting (a solid- 
colored animal). Many breeds of cattle possess this type 
of pattern (Angus, Limousin, Shorthorn, Brown Swiss, 
etc.). There are, however, a number of breeds that pos­
sess white-spotting mutants.
A multiple allelic series o f white-spotting mutants 
very likely is located at what is called the S locus. There 
is good evidence to suggest that, at this locus, are lo­
cated the mutants: Sh, responsible for the production of 
the Hereford pattern; S08, responsible for the color-sided 
pattern; S+, the wild-type (nonspotting) allele; and s, 
responsible for the production o f the white-spotting 
pattern of the Holstein and other breeds. The Sh and S08
mutants are co-dominant to each other, incompletely 
dominant over S +, and completely dominant over s. S+ 
is completely dominant over s. The Hereford breed is 
likely the only breed o f cattle carrying Sh, other than 
composite breeds containing Hereford breeding, but Scs 
can be found in Pinzgauer, Charoláis, and Longhorn 
cattle. The s mutant is found in other breeds in addition 
to the Holstein, such as the Jersey, Ayrshire, Simmen- 
tal, Guernsey, and Maine-Anjou. It is also likely to be 
present in the Brahman breed.
The white facial pattern o f Simmental cattle seems 
to be controlled by a mutant (at a locus independent of 
S) that is given the symbol B1 for blaze. The pattern 
produced by this mutant seems to be white areas on the 
toce and possibly the underline o f the animal. There 
may be a dosage effect in terms o f the amount of white 
produced by the mutant. This mutant probably is 
present in the Normande breed and in low frequency in 
Holsteins in addition to being present in Simmental 
cattle. It may also be found in some Hereford cattle in 
which its effect is almost never observable because of 
the near homozygosity o f Sh.
The White Park pattern is characterized by a nearly 
completely white animal with only the ears, feet, and
an area surrounding the muzzle being pigmented. The 
symbol, Wp, is used to designate the mutant that has a 
dominant mode of inheritance. As with Bl, the amount 
of white may be more extensive in homozygotes. Ani­
mals heterozygous for Wp may show pigmentation on 
areas other than the ears, muzzle, and feet. Most o f the 
head and neck may be pigmented, along with occasion­
al body spotting. In addition to its presence in the Park 
cattle o f England and in British White cattle, this 
mutant has been observed in the Galloway, Brahman, 
and Longhorn breeds.
It has been suggested that the roaning mutant o f 
cattle, r, which produces an intermixing o f white and 
pigmented hair when heterozygous and a nearly white 
animal when homozygous, is allelic to Wp. No substan­
tive data, however, were offered to support this hypoth­
esis. Both mutants do seem to have a detrimental effect 
upon reproductive performance in some breeds. The 
roan mutant seems to be found only in Shorthorn cattle 
and one European breed developed from the Shorthorn.
The white belt that Dutch Belted and some Gallo­
way cattle have around their paunch region is control­
led by a dominant mutant, Bt. The width and uniformi­
ty o f the belt seemingly are controlled by modifiers.
The major modifier o f all spotting patterns in cattle 
is brockling. One major mutant, which is represented 
by the symbol Be, seems to be responsible for the pro­
duction of irregularly spaced pigmented spots within 
areas that would otherwise be white as a result o f the 
effects of white-spotting mutants. Brockling can be eco­
nomically important because there are indications that 
pigmentation around the eyes can reduce the incidence 
of''cancer eye.” This is the same mutant that was called 
'pigmented legs,” PI, by Ibsen because of its production 
of pigment on the legs o f spotted animals. This effect is 
very evident in Ayrshire cattle. The mutant is common 
in Angus, Shorthorn, Brahman, and most nonspotted 
breeds and may be partly responsible for the spotting 
pattern of the Normande.
There are other spotting patterns in Longhorn and 
Brahman cattle that produce speckled or "ticked” cat­
tle, but data are not currently available to make conclu­
sive statements concerning them. They do seem to have 
a dominant mode of inheritance.
Knowledge o f the coloration and white-spotting 
mutants present in cattle and their modes of inheri­
tance will likely be useful to breeders of cattle in­
terested in producing a certain degree o f uniformity in 
crossbred populations o f cattle. Certain breeders may 
even want to combine various mutants to produce a 
unique coloration that may have usefulness in promot­
ing their cattle. Because m any com binations o f 
mutants are now being utilized in crossbreeding pro­
grams across the country, much additional information 
that could clarify the areas o f uncertainty should now 
be available if interested people would be willing to 
collect the data.
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